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Authors Cathy Travaglini (left), Herb Seto (center) and Dale 
Holm (right) gather around a sinlge column laboratory still. 
All three are chemistry instructors at Parkland College, a two- 
year community college in central Illinois. Each has more 
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heavily involved in extensive reading, traveling, research and 
interviewing in connection with alcohol fuel production. 
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Over 225 participants from a multi-state area were involved. 
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tion on "The Chemistry of Turning Corn into Alcohol", 
followed by four hours of practical laboratory demonstra- 
tions on all phases of producing alcohol from corn. The 
material in this book was prepared for those conferences and 
revised several times before final publication. 


Each author has a strong chemistry background, including 
research experience which enables them to understand the 
technical aspects of making alcohol. This is coupled with 
their many years of effectively communicating the basics of 
chemistry to a wide variety of youths and adults from 
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agricultural America and with a wide range of backgrounds 
and_ interests. The favorable response to their chemistry 
presentations at the two alcohol conferences was a _ con- 
vincing demonstration of their ability to impart effectively 
the knowledge and skills of alcohol fuel chemistry to non- 
chemistry people. 


Cathy, Coordinator of the Parkland Chemistry Department, 
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MS in Inorganic Chemistry from the University of Illinois. 
Herb has a BS in Chemistry from Otterbein College (Ohio) 
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Chemistry and a PhD in Organic Geochemistry. Dale has a 
BA in Chemistry from Augustana College (South Dakota), 
an MS in Inorganic Chemistry from Iowa State University 
and a PhD in Chemistry Education from the University of 
Illinois. 


VI 


Preface 


If you want a readable and understandable explanation of 
how to make ethanol fuel, "The Chemistry of Corn Into 
Alcohol" is the text for you. You will learn more than just 
HOW to make alcohol. You will learn WHY each step of 
converting corn into alcohol is critical to the overall process. 
And perhaps more importantly you will learn how to vary 
the procedures to fit the uniqueness of your operation. 

It is important to emphasize that this book focuses on 
the PROCESS—the chemical and biological keys to making 
alcohol. You may have the best equipment, the most clever 
design, and a well-thought-out economics program. But 
difficulties with the chemical process can still DOOM YOU 
TO FAILURE. 

We give you many practical pointers in this book; hints 
for trouble-shooting ... to help you determine where things 
can go wrong and what to do to get back on the right track. 


WHO SHOULD BUY THIS BOOK? 


This book is for those who have never made alcohol, but 
want to learn how to do it CORRECTLY from the start. 

This book is for those who have tried to make alcohol 
fuel but have had only partial success and want to better 
understand the process to eliminate possible failure. 

This book is for those who are now making alcohol but 
want to improve their yields through quality control. 

This book is not a mechanical guide for equipment needs; 
it is not a manual on the economics of alcohol fuel produc- 
tion; it is not a directory of vendors and manufacturers. It is 
simply an explanation of how corn can be converted to 
alcohol with a look at enough of the chemical and biological 
intricacies to make the process clearly understandable. 
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Page through this book. Stop and read a paragraph. 
Wherever possible, we have presented the material simply 
without sacrificing quality. Although some of the topics are 
by nature more difficult than others, positive feedback from 
300 non-chemists has convinced us of their importance. 

There is a certain art to making ethanol. You need 
experience to get a feeling for what's going on. That is why 
we recommend starting on a small scale first. But no matter 
on what scale you decide to make alcohol, the more deeply 
you understand what is going on, the more likely you are to 
meet with consistent success. 

If you want consistent results and a quality product, you 
need quality control. The more you know about the alcohol 
production process, the more control you have, which results 
in high yields. 

Read this book if you want to know answers to the 
following and more: 

Why does alcohol turn sour? 

Why are enzymes used? 

What happens if the process is interrupted? 
Is pH important? 

Can infection affect yield? 

What temperatures are best? 


THE ALCOHOL FUEL REVOLUTION: 
SHOULD I CONSIDER ETHANOL? 


The time has come for a serious evaluation of ethanol as a 
fuel and fuel supplement. As with all current topics, there is 
much controversy. Some large oil companies are buying 
ethanol plants while others have denounced ethanol as a fuel. 
A large number of people, including the authors, have con- 
cluded that the positive aspects of fuel ethanol far outweigh 
the disadvantages. We support fuel ethanol because: 

you can make ethanol yourself from renewable resources, 

it is clean burning, 

mileage is at least comparable to gasoline, 

it is less of a fire hazard than gasoline, 


use of ethanol fuel will lessen our dependence on foreign 
petroleum supplies, 

corn (and other feed stocks) become more valuable, 

use of corn for ethanol production does not remove high 
protein food from the world market. 


The problems of using ethanol as a fuel and gasoline 
additive are of a technical nature and are being solved by 
research. Even though ethanol fuels are sometimes more 
expensive than gasoline, we feel the extra money is better put 
into our own economy than into the economy of a foreign 
government. Just how expensive ethanol production is 
depends on such variables as sources of energy, cost of feed- 
stock, salability of distillation coproducts, and whether waste 
heat is recycled. 

Ethanol is a viable alternative fuel. Why not become a 
part of the Alcohol Fuel Revolution? Try brewing a batch! 
The survival of alcohol fuels will unquestionably depend on 
the continued efforts of the American people. 


September, 1980 Dale Holm 


Champaign, Illinois Herb Seto 
Cathy Travaglini 
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Introduction 


When problems of great magnitude face a free society, 
a growing restlessness begins at the grass roots and a keen 
desire to provide positive solutions prevails at that level. 
Most often, individuals feeling such restlessness and such 
desire boldly step to the fore. It is from the strands of 
such combined individual efforts that the enduring fabric 
of a free and prosperous nation is woven. 

As a people, seldom have we been more challenged. 
Seldom in the history of mankind have we been afforded 
the opportunity to resolve so many complex problems. 


Much of the energy for the engines that move America 
and Americans is non-renewable and comes from the politically 
unstable Middle East by way of a long supply line — a supply 
line which is extremely vulnerable to military and political 
crises. The cost to this country of approximately 45 billion 
dollars in 1978, 66 billion dollars in 1979 and 80-90 billion 
dollars in 1980 for imported oil amplifies the severity of this 
socio-economic problem and suggests an urgency for a 
solution. 

Cooperative efforts involving positive solutions to our 
energy and economic dilemmas are now underway. For 
example, the expertise of feed nutritionists is being called 
upon so that the high protein feed, left as a coproduct in the 
renewable ag-ethanol production process, will efficiently and 
significantly enhance the world food and feed supply. 

Another combined effort is being made between the tech- 
nologists in both the ag-ethanol and the other fuel industries. 
These people recognize that fuel ethanol is not just a clean- 
burning substitute for liquid fuel, but is also a catalyst that 
can clean up and improve the efficiency of other fuels, such 
as gasoline, diesel fuel, and coal. 


Proper utilization of the creative, efficient and productive 
capacity of grass roots American ingenuity is essential in 
achieving the goals of developing renewable energy sources, 
reducing inflation, eliminating the foreign trade deficit, im- 
proving our nation’s defensive posture and providing economic 
stability. 

Fuel ethanol production, under proper management, will 
unquestionably contribute viable solutions to many of our 
energy and economic problems. It is in this belief that these 
authors have pioneered in this area. Their expertise in the 
chemistry of ag-ethanol production and their ability to impart 
these techniques and concepts to others have qualified them 
as leaders in the field. Their spirit of resourcefulness and 
dedication in meeting these needs in an accurate and under- 
standable fashion is most refreshing. 

Mastering the chemistry involved is undoubtedly the 
most important phase in producing grain alcohol and its co- 
products. This text is a start in filling in the immense void 
that today exists in fuel ethanol resource material. Parkland 
College and these chemists have unquestionably woven 
another positive permanent strand into the fabric of this 
great nation. 


Lloyd Reeser 
September, 1980 
Weldon, Illinois 


Lloyd Reeser is considered to be one of the nation's 
leaders in the alcohol fuel movement. His interest in renew- 
able energy sources dates back many years, but it sharpened 
dramatically in 1973 with the Arab oil embargo. With a degree 
in Agricultural Engineering, he formed Solartronics, Inc., to 
investigate the energy possibilities of ethacoal. 

Seeking another answer to the energy needs of the farmer, 
he became actively involved in the promotion of renewable 
ag-ethanol and the American Agricultural Movement. For the 
past three years he has been actively lobbying in Washington, 
D.C., plotting strategy with the National Gasohol Commis- 
sion, and spending long hours traveling around Illinois and 
the nation addressing service clubs, farm meetings and alcohol 
fuel conferences. He met the authors at the first Parkland 
College Alcohol Fuel Conference in February, 1980, where 
he was one of the major speakers. 

He currently serves on the board of the American Agri- 
culture Foundation, is chairman of the Agri-Foods and Fuels 
Committee of American Agriculture of Illinois, is a member 
of the National Gasahol Commission and is a board member 
of the Illinois Alcohol Fuels Association. 
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I. What Is Alcohol? 


A. COMMON NAMES AND STRUCTURE 

Alcohol is a word we use all the time, and we all have a 
general idea of what it means, but let's get more specific. We 
all know water has the formula (H,O). Structurally we write it 
as H-OH where a hydrogen is bonded to an OH unit which is 
called a hydroxyl group. Alcohol is related to water in that a 
hydrogen has been replaced by one or more carbon atoms. 
Thus there are many alcohols (Figure 1) and they look like 
this for the two simplest alcohols: 


Hf 
— =i os 
H H H 


Alcohols are unique as a class of compounds because the 
hydroxyl (OH group) is bonded to the carbon. The one- and 
two-carbon alcohols are called methanol and ethanol. Because 
alcohols are such common compounds, many names for the 
same compound have evolved over the years. Methanol is also 
called "wood alcohol" (because it can be made from wood) 
and methyl alcohol. Ethanol is also called "grain alcohol" 
(because it can be made from grain) and ethyl alcohol. When 
most people say just the word "alcohol," however, they 
usually are referring to ethanol. 

There is still a third very common alcohol known as "rub- 
bing alcohol," also called 2-propanol or isopropyl alcohol. It 
contains three carbons and looks like this (see diagram at top 
of page 7): 


TYPES OF ALCOHOLS 


H— 


METHANOL 
H 

H-C-OH or CH30H 
: 

BOILING POINT 149° F 


ETHANOL 


il 
Hogre aan or CH3CH 50H 
H 


H 
BOILING POINT 173° F 


2-PROPANOL 
mu 

c-— ian - —H or CHZCHCH, 
| OHH 18 
BOILING POINT 180° F 


Figure 1 
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Out of the hundreds of possible alcohol type compounds, 
only methanol and ethanol are potential fuels from a chemical 
and economic standpoint at this time. Although methanol 
can be produced on a small scale and is a good fuel, it is too 
costly and too difficult to purify. We will, therefore, not 
consider it further. 


B. PROPERTIES 

1. Solubility - To give you an idea of the chemical be- 
havior of alcohols, we will discuss a few of their properties. 
Alcohols are good solvents for a wide variety of compounds 
which include some plastics and rubber materials. Methanol 
causes blindness and death when ingested because it attacks 
the nervous system by dissolving fatty material at nerve 
endings. 

Ethanol is much less toxic than methanol. It is amazing 
how one carbon in a molecule can be the difference between 
something that is toxic and something that is intoxicating. 
Unfortunately, even ethanol is toxic in large quantities. 

Ethanol, because of its solvent properties, is used to pre- 
pare medicines in the form of "tinctures". The simple alcohols 
are soluble in water, whereas alcohols containing more than 
five carbons are not water soluble. A 50% to 70% solution of 
ethanol makes a good disinfectant. 

When ethanol and water are mixed, the solution has a 
density less than that of pure water. The higher the ethanol 
concentration, the less dense the solution becomes. So density 
is a convenient measure of just how much ethanol is present. 
We will come back to this idea of density when we discuss 
sampling techniques. 

2. Combustion - One of the most important properties 
of the simple alcohols is their flammability. Although a large 
number of alcohols will burn, only methanol and ethanol are 
sufficiently volatile and readily available to be of practical 


use as fuel for internal combustion engines. Ethanol, unlike 
gasoline, has such a low volatility that there is much less 
chance of an explosion. Cetyl alcohol, which contains 16 
carbons, releases almost as much heat as gasoline when 
burned. However, cetyl alcohol is a non-volatile, solid, waxy 
substance which wouldn't pump too easily into your gas tank. 

When an alcohol burns, the basic reaction is called oxida- 
tion - the combining of oxygen (O2) with the alcohol. The 
everyday rusting of iron in which iron slowly combines with 
oxygen in the air is also an oxidation reaction. 

Ethanol burns according to the following equation 
(Figure 2): 


H H 

Ld | 
ah hi 8 + 305 ——® 2005 + 3HZ0 + BTU's 

H H 
ethanol oxygen carbon water — energy 


dioxide 


The most important product of the reaction is a large 
quantity of energy measured in BTU (British Thermal Units - 
the amount of energy needed to raise one pound of water one 
degree Fahrenheit). The structure of the ethanol molecule 
represents a form of chemical energy. When the molecule 
breaks apart and the carbon and hydrogen combine with 
oxygen, energy is released (exothermic reaction). 


When one pound of ethanol is burned, the energy released 
is 12,780 BTU; for one pound of regular gasoline, the energy 
is 20,250 BTU. Even though there is less heat per pound of 
ethanol, it can still be used as a fuel with little modification 
to the engine. To understand why this is the case, we need to 
look at the burning process. 

When a fuel burns, a certain amount of air is necessary 
for complete combustion. When the quantity of air and the 
quantity of fuel are in the correct proportion, the fuel to air 
mixture is said to be "stoichiometrically correct". A correct 
stoichiometric mixture of nine pounds of air per pound of 
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Herbert Hanson (left), a mechanical engineer from Chicago, 
answers questions about his 180 proof ethanol-fueled car. 
The car was demonstrated at both of the Parkland College 
Alcohol Fuels Conferences (February and June, 1980). 


ethanol has 94.7 BTU per cubic foot as compared to 94.8 
BTU per cubic foot for a 15 to 1 stoichiometric mixture of 
gasoline. This means gasoline and alcohol have a similar 
volumetric efficiency. 

Because ethanol releases less heat per pound than gasoline, 
you might expect that mileage for the two fuels would differ. 
Theoretically, a car that gets 20 miles per gallon (mpg) of 
gasoline would get about 12.3 mpg with 95% ethanol. How- 
ever, we find from road tests that mileage with alcohol is 
comparable to or better than gasoline mileage. There are two 
reasons for this: 

1. Internal combustion engines can be made to burn 
alcohol more efficiently than gasoline (higher com- 
pression ratio and fewer hydrocarbon byproducts). 

2. Water in the alcohol fuel vaporizes in the hot engine 
cylinder and adds to the power output. 

An 11,000 mile test was carried out with a 1975 Pinto by 

Herbert Hanson, a mechanical engineer. With gasoline, the 
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mileage was 21 mpg. After modifying the carburetor to 
vaporize 180 proof ethanol as the only fuel, the mileage went 
to 30 mpg. There was no other engine modification, except 
for timing. Plans for the carburetor modification should soon 
be available. 

Much of the controversy on mileage from ethanol fuels 
stems from differences in engine efficiencies. An engine that 
burns gasoline efficiently does not burn ethanol efficiently. 
The people who tinker with their engine and carburetor will 
get better mileage. 

It is not necessary to modify a car engine to burn gasohol, 
because it contains only 10% ethanol. The mileage obtained 
from gasohol compares to gasoline. Illinois Bell gets 4.8% 
better mileage with gasohol than with gasoline. 

Important advantages of gasohol are that it contains no 
lead and can be made with a lower and thus cheaper grade of 
gasoline. The addition of 10% ethanol raises the octane rating 
so that tetraethyl lead (or another antiknock compound) is 
not needed. Gasohol is also a bit cleaner burning than gaso- 
line. Gasoline containing higher percentages of alcohol would 
be even cleaner burning. Mechanical engineer Herbert Han- 
son, who has not changed the oil at all in the 11,000 mile test 
using 180 proof ethanol, reports the oil is still as clean as the 
day he put it in the engine. 

3. Fuel Separation - One diffuculty with ethanol-gasoline 
blends is that the presence of water will cause the mixture to 
separate. At about 70°F, one percent water will bring about 
separation. At lower temperatures, smaller amounts of water 
cause separation. Addition of acetone helps prevent fuel 
separation, but other additives are being researched. 

Most modern cars have a closed fuel system which mini- 
mizes condensation of water in the fuel tank. We personally 
know of no one who has had any difficulties with fuel 
separation. 

We should emphasize at this point that most people who 
make their own ethanol (160-190 proof) use it as is in engines 
that have been modified to burn straight ethanol. Gasoline 
and 190 proof ethanol cannot be mixed, because there is 
enough water mixed with the ethanol to cause separation of 
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the liquids. To completely dry the ethanol is an energy con- 
suming step which we want to avoid, if possible. See the 
chapter on Distillation (drying the alcohol) for more details. 


C. DENATURING 

Besides the medical and power uses of ethanol already 
mentioned, we must remember that ethanol is a beverage 
under federal regulation. Ethanol produced on the farm is 
already non-drinkable, or "non-potable". It contains impuri- 
ties such as fusel oils (higher alcohols). If solder is used in the 
construction of the still, some lead might carry over with the 
ethanol. These impurities do not harm engines, but they can 
poison humans. 

To insure that non-potable ethanol stays that way, it 
must be denatured, or made permanently unfit to drink. 
There are a number of government approved additives which 
are virtually impossible to separate from the alcohol. Contact 
your local Bureau of Alcohol, Tobacco and Firearms for the 
latest information. 
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Il. How We Get Alcohol 


A. CORN TO ALCOHOL ROADMAP 

The accompanying diagram (Figure 3), called Roadmap 
after this, shows in outline form the alcohol-making process. 
Although the diagram is pretty much self-explanatory, there 
are two points worth emphasizing. 

First, notice that in the entire sequence, only the starches 
and carbohydrates in corn are used. Protein, fiber, and 
nutrients remain unchanged in the process and can be re- 
covered after fermentation. 

Second, one of the most attractive aspects of the corn-to- 
ethanol conversion is that ethanol is not the only product 
produced. The coproducts are carbon dioxide and stillage. 

As we explain the various steps of alcohol production, we 
frequently refer to the diagram. 


B. RECIPES 

Based on our reading and experience, we have developed 
two recipes for making alcohol from corn. One is a small scale 
recipe that you might like to use for a trial run. A larger scale 
version is included for those of you who have lots of corn, 
spare time, and large containers. 

The Parkland College Chemistry Department suggests 
that if you are interested in making alcohol, you should start 
out on a small scale - from one pound to one bushel of corn. 


Here is the Parkland Chemistry Department recipe for a 
one pound batch that can be done in the kitchen. (This 
modified recipe was adapted from Micki Nellis in Makin' It 
On The Farm). 
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CORN TO ALCOHOL MAP 


CORN 
3 Grind 


‘ Add Water 


PROTEIN and STARCH 


“MASH” ¥ Enzymes 


DEXTRINS 


Carried y Enzymes 
Along 


ore Yeast 


and | CARBON DIOXIDE 
ALCOHOL 


STILLAGE <| Distill 
190 PROOF 


Figure 3 
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Parkland Pound Brew Recipe 


Note on enzymes: Throughout this book, recipes and 
comments on procedures are based on the enzymes Taka- 
Therm and Diazyme L-100 from Miles Laboratories. Any 
brand of enzymes may be used, but of course, follow the 
specific directions of the manufacturer for temperature, 
acidity, and quantities. 


Grind corn. (A blender can be used for small quantities). 


Strain corn using a coarse mesh wire screen or a colander 
with large holes. 


Add one pound of corn(3 1/4cups) to one quart of tap 
water in a one gallon heat-proof container, pan or can. 
The pH of the corn solution is about 6, so no pH adjust- 
ment is needed. 


Add five drops of liquefying enzyme (such as Taka-Therm). 


. Heat mash to boiling and cook for 30 minutes at simmer 
to boiling. Stir frequently. 

NOTE: You may need to add wateroccasionally to 

make up for evaporation. 


After the 30 minutes of cooking, cool the mash to 195°F 
by adding four to eight ounces of water. Add another five 
drops of liquefying enzyme (Taka-Therm). 


Keep mash at 190°F for one hour. Stir from time to time. 
Stir more often if the mash burns at the bottom of the 
container. 


After one hour of cooking, cool quickly to 150°F by 
adding about one pint of water. Mash looks very soupy at 
this point. (Reason for quick cooling: helps to prevent 
bacterial growth). 


Adjust the pH to 4.2 by adding battery acid (100-200 
drops). Check with pH paper. If you add too much acid, 
raise the pH by adding lime or lye. 
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10. 


11. 


I. 


13. 


14. 


15. 
16. 


17. 


18. 


Add 15 drops of saccharifying enzyme (Diazyme L-100, 
for example). 


Keep the mash at 140°F for 30 minutes. Stir from time 
to time. 


OPTIONAL: Take a small sample of mash with an eye- 
dropper, put in a small glass and add one drop of tincture 
of iodine. A red-brown color means all the starch has 
been converted to dextrins. A blue-violet color means 
starch is present. Even if starch is present, continue with 
the next step. The remaining starch will be converted 
slowly to dextrins, anyway. 


Cool the mash to 90°F by adding water. 


Test the sugar content with a triple scale wine hydrometer 
or with Tes-Tape sugar test paper. If you use Tes-Tape, 
dilute one drop of mash with nine drops of water. Multiply 
the tape reading by ten to get the sugar content. 


Adjust the pH to 4.8 - 5.0 if necessary. 


Add 1/2teaspoon of baker's yeast (Fleischmann's or Red 
Star) to one ounce of warm (90°F) water in a cup. Add a 
pinch of table sugar and stir. When the mixture begins to 
bubble, add to mash. 


Cover container with plastic film or other form of non- 
airtight lid. Ferment at 85-90°F for two to three days, or 
until the bubbling stops and most of the solids sink to the 
bottom of the container. 


Distill the mash, called "beer" at this point (with or 
without straining to remove solids). 


NOTE: The temperatures, times and pH's are summarized in 
Figure 4 following. 


16 


}<— +400 2 ——> jut o¢ ->4 j——_ 0 — je eiw 08 >} 


NOILVLIN3WY33 | 


06 
o's-8'y Hd | 


WHAHLY AVL 
gud 


2 
(do) SYNLVYAdWSL 


WHSHLVAVL 
gud ! 
i 
youers 


| 
| 
| 
| 
1 
| 
& 
= 


| 
| 
° 
= 
Nn 


jouetp 3 “se6ng ULAxeg "YaueIS 


TIONVH.LA OL HOUWLS FO NOISHHANOD 


Parkland Bushel Brew Recipe 


This procedure is also adopted from the recipe of M. 


Nellis, Makin' It On The Farm, a publication of American 
Agriculture News, Iredele, TX. Enzymes from Miles Labora- 
tories are used. (See NOTE under Pound Recipe). Some 
modification would be necessary if enzymes from another 
company were used. 


1. 


Grind the corn to 3/16" or finer. Avoid flour and whole 
kernels as much as is practical. 


Add the ground corn to 12 gallons of water in a 55-gallon 
drum or similar container. 


Add 13 ml(21/2teaspoons) of Taka-Therm. When you 
know what the batch should look like, you can use as 
little as 4 ml of enzyme at this point. (See Liquefaction: 
Starch to Dextrins). 


Heat the mash to the simmering point (about 210°F) and 
simmer for 30 minutes with stirring. A board, paddle or 
mechanical stirrer can be used. If the mixture gets very 
thick, scorching may occur. To prevent this, up to 2 
more gallons of water may be added. Some extra water 
can also be added to make up for evaporation. 


After 30 minutes of cooking, cool the mash to 195°F. If 
you are in a hurry, add 2-4 gallons of cool water to speed 
the cooling process. Add another 13 ml (2/2 teaspoons) 
of liquefying enzyme. 


Keep the mash at 190°F for one hour. Stir as necessary 
to prevent scorching and localized hot spots. 


After one hour of cooking, turn off the heat and cool 
the mash to about 150°F by adding 7 gallons of water. 


Adjust the pH to 4.2 by adding battery acid. Check with 


pH paper. If you add too much acid, raise the pH by 
adding lime or lye. 
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10. 


11. 
12. 


13. 


14. 


15. 


16. 


17. 


18. 


Add 34 ml (2 1/3 tablespoons) of saccharifying enzyme 
(Diazyme L-100 for example). 


By the time the pH is adjusted the temperature of the 
mash should have fallen to around 140°F. Keep the 
mash at 140°F for 30 minutes. Stir from time to time. 


Optional: You may want to do a starch test at this point. 


Cool the mash quickly to around 90°F by adding water. 
The amount of water added should bring the total of all 
water added up to around 30 gallons. 


Test the sugar content with a wine hydrometer or with 
Tes-Tape sugar test paper. If you use Tes-Tape, dilute 
one drop of mash with nine drops of water. Multiply the 
tape reading by ten to get the sugar percentage. 


Be sure the mash contains no more than 24 percent sugar. 
You may have to dilute the mash. 


Adjust the pH to 4.8-5.0 if necessary. 


Add 2 oz. of baker's yeast (Fleischmann's or Red Star) 
to 1 cup of warm (90°F) water. Add two tablespoons of 
table sugar and stir. When the mixture begins to bubble, 
add to the mash. 


Cover the container with a snug but not airtight lid. 
Ferment at 85-90° two to three days or until the bub- 
bling stops and most of the solids sink to the bottom of 
the container. 


Distill the mash (with or without straining to remove the 
solids). 


NOTE ON TIME: The major difference between the small 
and large batch recipes is time. It takes considerably longer to 
boil 11 gallons of water as compared to 1 quart. Stirring is 
also more of a problem with large batches. 
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Frank Andrew of rural Champaign, Illinois, examines his 
on-farm alcohol fuel plant which he constructed. He uses 
corn and sweet sorghum as feedstocks and has tested his car 
on the 180 proof alcohol which he produces. 
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Ill. Kinetics - How Chemical 


Reactions Occur 


In order to understand the overall process of conversion 
of corn to alcohol, we need to know about some of the 
factors that affect the rate of reaction. 

KINETICS is the study of: 

a) how fast reactions go 


b) the factors that influence the reaction rate 


c) the series of steps by which a reaction occurs 
(mechanism). 


Some chemical reactions go very rapidly, such as a stick 
of dynamite exploding. The setting of concrete is much 
slower, requiring days or weeks to set completely. 

Some basic principles will help us to understand the dif- 
ference in rates. 


A. COLLISIONS 

No two molecules are ever going to react until they come 
together. They must collide in order to react. So if the starch 
in the corn kernel is going to react with water, the two must 
come into contact. You can do two obvious things to make 
this happen: 

1. Grind the kernels - This provides more surface area to 
be exposed. A powder is just a solid that exists as millions of 
tiny chunks rather than a few big ones. This means more of 
the molecules are on the surface where the water and enzymes 
can get to them. 
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For example, coal chunks burn slowly. But as you know, 
coal dust can burn so fast that it can explode. 


2. Stir the mixture - This continues to bring more of the 
starch molecules into contact with more and more water. 


B. ENERGY 

Not only must molecules collide, they must collide in a 
certain way. They have to bang together with a certain 
amount of force in order to react. Milder collisions just won't 
do the job. 

How can you help molecules collide with a greater force? 
Heating the chemicals causes them to collide with a greater 
energy. This is why specific temperatures are required for 
some of the processes we will discuss. 

For example, when converting starch into dextrins, we 
cook it at 195°F for one hour. This high temperature gives 
the molecules enough energy to react more rapidly. 


C. ORIENTATION 


In some cases, one part of one molecule must hit a specific 
spot on the other molecule in order to react. An arrow shot 
at a target won't do much if it hits sideways or feathers first. 
If molecules don't hit just the right way, they just bounce 
apart again without any reaction taking place. Molecules need 
the correct orientation in order to react. 

Some reactions seem to be fussier than others; they re- 
quire an exact kind of a collision in order to get a specific 
result. These reactions are naturally slower ones. Only once 
in a while will the right type of collision occur to satisfy the 
strict requirements. Fermentation, the conversion of sugar to 
alcohol, seems to be this type of a reaction. That's why 
fermentation takes 2-5 days while starch goes to sugar in a 
matter of hours. 


D. FASTER REACTIONS 

How can you speed up these slower reactions? 

1. Use more of the reactants - It's pretty obvious. If you 
boost the amount of sugar in your batch, then the odds are 
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The auger-type agitator in the still of Frank Andrew, a retired 
agricultural engineer from rural Champaign, Illinois. The 
tank is a salvaged 300 gallon oil storage tank and is used for 
the cooking, fermenting and distillation operations. 


much better that other molecules (enzymes) can quickly find 
a sugar molecule to collide with. 

Chemists describe this as "increasing the concentration" 
of the sugars. We are, of course, not saying that if you have 
more sugar in the batch, that the total reaction time will be 
less than for a lower concentration. We're simply saying that 
the number of sugar molecules reacting each second will be 
larger in the more concentrated case. The net effect is you 
get a more rapid alcohol production. 

2. Raise the temperature - We have mentioned this 
before. But in addition to causing harder collisions, increased 
temperature causes more collisions. 
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Fermentation moves along rapidly at 85-90°F. If it cools 
below 50°F, it slows down so much that it seems to stop. 
Chemists use a rough rule of thumb: many chemical reactions 
double in speed for every 18°F temperature rise. 

We can, for example, cook dextrins with enzymes at 
80°F to break them down to sugar. But if we cook them at 
140°F, the reactions occur much more rapidly, giving the 
maximum liberation of fermentables. If we lower the tem- 
perature the same reaction occurs but at a slower rate. 

REMEMBER: If you use too high a temperature, certain 
undesirable kinds of reactions can occur. It's like cooking; if 
it gets too hot, the food burns. There are two possibilities in 
alcohol fuel production: 

a) decomposition - the starch "burns" or decomposes if 
heated too much. 

b) inactivation of enzymes - most enzymes are tempera- 
ture dependent. They no longer function above certain 
temperatures. For example, the enzyme needed for dextrin 
to sugar conversion is inactivated above 140°F. 


Even in people this applies to a limited extent. What do 
our bodies do when we need to speed up the infection fighting 
processes? We get a fever. On the average, a person's basal 
metabolism rate increases about 7 percent for each degree 
Fahrenheit rise in body temperature. 

3. Use Catalysts - The final way of speeding up these 
slower reactions is different from the other three we've already 
mentioned: grinding and stirring, increasing concentration, 
and increasing temperature. It is so different and so important 
in alcohol fuel production, that we will discuss it in detail. 

A catalyst is defined as any substance whose presence 
somehow makes a reaction go faster but which is itself 
unchanged by the process. 

There are several ways - mechanisms - by which catalysts 
can operate. Not all of them are completely understood at 
the molecular level. But in general, catalysts don't operate by 
making more collisions possible. They make the existing 
collisions more effective in producing actual reactions. They 
increase the likelihood that, once a collision happens, it re- 
sults in a reaction, not a useless rebound. 
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There are two common ways catalysts accomplish this: 

a) Geometrically - they offer a properly shaped surface 
for the molecules to land on as they meet each other. 

b) Energetically - They offer a lower energy "pathway" 
toward an effective collision. This causes slower, gentler 
collisions to be as effective as high speed crashes. In other 
words, they help the reaction proceed at lower temperatures 
than it would otherwise. 

A special category of catalysts is enzymes. They are 
produced by living cells to speed up life chemistry. The 
enzymes used in alcohol production come from bacteria, 
fungi, or yeast. 

In living things there are many specific enzymes whose 
job it is to speed up very specific reactions. Without enzymes, 
there would be no biochemical reactions. And without these 
reactions, no life. 

Enzymes speed up reactions by huge factors. One enzyme 
causes a reaction to occur in one second which would take 
three hundred days without it. 

In alcohol production, starch can be broken down without 
enzymes. Strong acid and high heat are needed, however, so 
it requires lots of time and energy. Then the excess acid needs 
to be neutralized before fermentation can occur. Enzymes, 
then, save a lot of time and frustration. 

More about these remarkable catalysts comes next. 
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IV. Role Of Enzymes 


A. DEFINITION 

Catalysts (substances that make reactions go faster) that 
are produced by living cells to speed up life chemistry are 
called enzymes. These chemicals (which are not living organ- 
isms) can be isolated from living systems and used to catalyze 
reactions outside of the body or organism. 

For example, our bodies "burn up" (oxidize) sugar to 
produce carbon dioxide (CO) and water (H2O) and the 
energy we need to live, as according to the equation 


C6129 + 07 —B6C0, + HZ0 + heat 


glucose oxygen carbon water 
dioxide 


Sugar doesn't oxidize very easily though, even in a direct 
flame. But in our bodies, this process occurs at 98°F - a 
relatively low temperature. How does the body do it? 
Enzymes. 

There are specific enzymes for each specific chemical 
reaction that occurs. Enzymes help to split molecules, form 
new molecules, transfer atoms from one molecule to another, 
rearrange molecules - and many other complex processes. 
Chemists give them names ending in -ase. (The older names 
ended in -in like ptyalin in the mouth which breaks down 
starch to dextrins and maltose). Oxidases help oxidation; 
peptidases work on bonds (peptide bonds) in proteins; trans- 
ferases move atoms. 
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B. COMPOSITION 


What are enzymes made of? They consist of proteins, and 
are affected by all factors that affect proteins, such as heat, 
alcohol, strong acids or bases. Proteins consist of four ele- 
ments: carbon, hydrogen, oxygen and nitrogen. They are built 
up from simple units called amino acids. All amino acids 
contain the arrangement 


HO 

| | 
H-N-C-—C—OH 
] 


4 other groups 


In proteins, these amino acids are linked to form peptide 
bonds: 


io. 4 16) O 
Lil ti at 1 4 
H <b wig H 
Rawatn at 


Although all enzymes are proteins, they sometimes are 
combined with other non-protein portions (called cofactors) 
which aid the enzyme to perform its selective task. Vitamins 
sometimes act as cofactors. 

The enzyme performs its job but is not itself consumed. 
It is reused over and over again, to perform the same function. 

In the process of converting starch to sugar, it is necessary 
to add an enzyme, such as amylase, that will break apart the 
long chain of glucose molecules into simpler units. This 
enzyme can be provided by sprouting the grain and adding 
the sprouts to the ground grain plus water (mash), because 
the sprouts are sources of these enzymes. Now, however, 
these are commercially available and easier to use. 
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C. SUBSTRATES: WHAT ENZYMES WORK ON 

1. Definition - The substrates are those molecules that 
join with enzymes in order to react. Carbohydrates are a 
common substrate in alcohol fuel production; they are broken 
down by enzymes into simpler molecules. 

2. Carbohydrates - Carbohydrates consist of three 
elements: carbon, hydrogen, and oxygen. Each carbohydrate 
has a two to one ratio of hydrogen to oxygen, the same as in 
water. Thus the name, carbohydrate. 


The major types of carbohydrates (Figure 5) are: 


a) sugars, 
b) starches and 
c) cellulose . 


Starch and cellulose are both long chains of sugar mole- 
cules, which differ only in the way they are linked together. 
Both can be broken down into separate molecules of sugar. 
The process starch-to-sugar is currently easier to accomplish 
than the process cellulose-to-sugar, although promising re- 
search indicates progress is being made in cellulose conversion. 


The sugar polymers (long chains of molecules) may be 
large or small, a straight chain or branched. The link between 
molecules is an oxygen atom. (Shown on the next page are 
two examples of straight chains.) 


Notice that the repeated unit is the same in both, but the 
shape of the two differ. We do not have in our bodies the 
enzyme necessary to break the oxygen link in cellulose (beta- 
linkage). We do, however, have the enzyme (called amylase) 
necessary to separate amylose links (alpha-linkages). We can, 
therefore, get sugar from starch but not from cellulose. Cattle 
have the enzyme (called emulsin) which can convert cellulose 
into sugar. 

The end product from degradation of both cellulose and 
starch is sugar. The sugar produced from these sources is 
glucose, also called dextrose or "grape sugar". It is found in 
fruit juices, in the bloodstream, and in all tissue fluids. It has 
the simplified structure shown at the top of page 32. 
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Amylose: Starch 


CH 0H CHZ0H CHZ0H CH50H CH20H 
) fe) fe) fe) r) 
OH OH OH OH OH J 
fe) ) fe) ) fe) 
OH OH OH OH OH 


called alpha-linkage 


Cellulose CH20H 


OH 


OH 
CH 0H OH 


OH 
CH 0H OH 


‘ oH 
OH 
\ 


called beta-linkage 
OH 


Another common simple sugar is fructose (the sweetest of all 
sugars), found in fruit juices and honey. The simple sugars are 
called monosaccharides. 

Some sugars are formed by linking two units together: 
the disaccharides. Sucrose (cane sugar) is made of one glucose 
unit and one fructose unit linked through oxygen. Maltose 
(malt sugar) consists of two glucose units with an alpha- 
linkage as found in the starch amylose. 
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CH0H 


These oxygens are the ones that 
HO link to form chains. 


OH 


Long chains of molecules are called polymers. When the 
units joined together are monosaccharides, the polymer is 
called apolysaccharide. Starch is a mixture of polysaccharides, 
amylopectin, a branched chain (about 80%) and amylose, a 
straight chain (about 20%). Cellulose, found in the fibrous 
portion of plants (wood, cotton, paper), is also a polysaccha- 
ride made of glucose but with that different arrangement of 
linkages. 

When starch is placed in boiling water, the granules 
rupture, forming a paste which gels on cooling. These gels are 
broken down into shorter chains called dextrins upon hydro- 
lysis (treatment with water and enzymes). The dextrins in 
turn get broken down into maltose and maltose into glucose. 
An iodine test is used to detect this change; test colors are 
noted below: 


Starch enzyme 1 gy, dextrins 2NZYMe 2 a maltose -gyeglucose 
ene _ “ (tan) (tan) 
viole ue 


D. TYPES OF ENZYMES FOR ALCOHOL PRODUCTION 

In alcohol production, two enzymes are used to accom- 
plish this process. 

1. Liquefying - The first enzyme breaks the long starch 
chains into shorter chains (Figure 6). This liquefying enzyme 
is called alpha-amylase. It converts the insoluble long chains 
of the starch amylose (about 1000-4000 units) into more 
soluble shorter chains, the dextrins (about 6-300 units). 
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Dextrins form a sticky suspension in water and are used in 
the preparation of adhesives. The glue on postage stamps is 
dextrins. 

2. Saccharifying - The second enzyme is called a 
"saccharifying enzyme" because it converts the dextrins into 
the sugar glucose by taking one glucose unit at a time off 
the end of the chain (Figure 7). (The liquefying enzyme has 
provided many more ends to work on.) The specific enzyme 
may be called glucoamylase or amyloglucosidase. 

Why must the starch be converted into sugar before 
fermentation? Because yeasts will only convert monosac- 
charides and a few disaccharides into alcohol and carbon 
dioxide (the fermentation process). Yeast works best on 
glucose, fructose, maltose and sucrose. 


E. HOW ENZYMES WORK 

We have looked at the structure of enzymes and some of 
their properties, but we have not yet explained how they are 
able to catalyze reactions. The enzyme is the world's ultimate 
specialist. One enzyme will catalyze only one particular 
reaction, such as urease to form urea. A few enzymes catalyze 
one general type of reaction, such as the hydrolases which 
cause hydrolysis (reaction of a molecule with water to break 
a bond). 

1. Lock and Key Model - The enzyme acts as a template 
into which a molecule of only that shape will fit - no square 
pegs in round holes here. The enzyme furnishes the lay-out so 
that the incoming molecule (called the substrate) is properly 
positioned for reaction to occur (Figure 8). 


Enzyme + Substrate === Enzyme-Substrate ——== Enzyme + Products 
Complex 


The reaction can now occur more easily and hence uses less 
energy, so more molecules can be converted in a shorter time. 

This model is called the Lock-and-Key Model for enzyme 
activity. Most enzymes act like a key which opens one lock 
only. A few enzymes act like master keys. 
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The shape of the enzyme molecule is such that certain 
parts of the enzyme (called the active site) are in close contact 
with certain parts on the substrate. This close contact causes 
a strain in a particular bond on the substrate, and it can be 
broken more easily. If the enzyme shape is changed, the 
enzyme can no longer function. 

2. Factors Affecting Activity - What factors affect the 
shape of the enzyme and hence its reactivity? 

Since enzymes are proteins, they can be denatured 
by: 

a) too much or too little heat, 

b) alcohol and other organic solvents, and 

c) strong acids or bases. 

Let's examine these in order. 

a. Temperature Effect - The temperature effect is a 
double one. As you recall, the speed of all chemical reactions 
is temperature-dependent; the higher the temperature, the 
faster the rate. But, if the temperature is raised too much, the 
enzyme protein will coagulate (think of egg-white when 
cooked) and become ineffective. There is an optimum tem- 
perature of reaction for enzymes. Most of them function best 
at body temperature (98°F) or close to it. 


ENZYME with 
: Denatured 


active site ENZYME 
in position 


Extremely low temperatures slow down enzyme activity to a 
standstill but do not destroy the enzyme. Many enzymes can 
be preserved by holding them at temperatures of around 
32°F or lower. 
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b. Alcohol Effect - Remember that enzymes are proteins. 
Proteins contain chemical groups (called functional groups) 
which cause them to take a particular shape in water. Some 
proteins are globular, like hemoglobin; some are fibrous, like 
hair. The globular proteins coil up so that the functional 
groups which are most like water are on the outside of the 
globule. This includes such groups as -OH, -COOH, -SH, and 
others. If ethanol (or other soluble alcohols) are added to 
water, the ethanol disrupts the bonds between water and the 
protein globules. As a result, the globules change their shape. 
Since enzyme activity depends on the shape of the molecule, 
if the shape is changed, the enzyme becomes ineffective. 


c. pH Effect - The acid or alkali (base) content of the 
system also affects enzyme activity. The enzymes are said to 
be pH dependent. The pH is a measure of acidity or alkalinity 
of an aqueous solution expressed on a scale of 1-14. Neutral 
is pH 7; pH's from 1-7 are acidic, pH's from 7-14 are basic. 

Acids are substances which produce extra H™ (hydrogen 
ions) when added to water. They taste sour, sharp or tart, 
like lemon juice. Battery acid (sulfuric acid, H2SO,) is a 
typical strong acid. Bases are substances which produce OH" 
(hydroxide ions) in water. Bases feel slippery and taste bitter. 
Soap is a base; you may or may not want to taste it! Figure 9 
shows the pH of many common substances. 

The extent of acidity can be measured in several ways. 
One is the use of indicators, substances that change color at a 
definite pH. Litmus paper is red in acid and blue in base. This 
method is only approximate, but short range pH indicator 
paper can be accurate to the nearest tenth of a pH unit. 
These papers are available from swimming pool supply shops, 
garden shops and laboratory supply houses. 

It is also possible to measure pH with a pH meter. Elec- 
trodes are placed in the test solution and the pH may be read 
off directly. There are some small fairly inexpensive portable 
pH meters available. 

What's so important about pH control? Too much acid 
can change some of the bonds in the enzyme and hence 
change its shape (denature it). The Miles Laboratory lique- 
fying enzyme TAKA-THERM works best over a pH range of 
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Figure 9 
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Dale Holm (right) demonstrates the use of pH paper during 
the cooking of the mash. The participants are observing a 
laboratory demonstration which was a part of the three-day 
Parkland Alcohol Fuel Conferences. 


6.0 to 6.5 at 203°F. If the pH is between the wider limits 
(5.5 to 8.0), liquefaction can still occur but not as efficiently. 
If the pH is below 5.5, hydrated lime Ca(OH)2) or sodium 
hydroxide (NaOH) is added to raise the pH. If the pH is above 
8.0, battery acid is added to lower it. Hydrochloric acid 
(muriatic acid), available from hardware stores and swimming 
pool suppliers, can also be added to lower the pH. 

The liquefying enzymes available from Biocon (U.S.) Inc., 
are said to be usable without pH adjustment. 
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V. Corn As A Feedstock 


We emphasize corn as a feedstock because it is readily 
available. Since it can be preserved by drying, is found in a 
wide variety of hydrids for many growing conditions, and has 
equipment for planting and harvesting already developed, our 
technology for corn is more advanced than for most other 
crops. Also, corn can be grown in a wide region of the United 
States. 

The following section deals with questions and answers 
on corn as used for alcohol fuel production. 


1. Can corn with heat damage be used? 

Heat damage from a drier can lower the yield of ethanol 
if the kernels are visibly scorched and highly discolored. The 
discoloration indicates that sugars as starches (and possibly 
other cellulose matter) have been decomposed beyond the 
point where they can be fermented. 

Field heat damage does not significantly affect the 
ethanol yield unless the kernels have matured poorly. In this 
case the kernel has not developed its normal content of starch 
and sugar. 


2. Can moldy or rotted corn be used? 


Ethanol yields from moldy and especially rotted corn will 
be lowered in proportion to the damage of the kernel. When 
mold attacks corn, some of the starch or sugar is used as food 
for the mold. Some molds which survive the cooking process 
compete with the yeast and slow the initial stages of fermen- 
tation. 

Adding an extra ten percent of yeast at the beginning of 
fermentation will usually prevent a slow fermentation start. 


At 


THE CHEMISTRY OF CORN INTO ALCOHOL 


3. Can corn of any moisture content be used? 

Yes - corn of any moisture content can be used for making 
ethanol. Almost everyone uses corn dried to 10-15 percent 
moisture because of less spoilage during storage. A pound of 
corn fresh from the field, at 25% moisture, would give a 
slightly lower yield than a pound of dried corn. 

On a weight basis, dried corn has a higher starch content 
than corn fresh from the field (20-25% moisture), so ethanol 
yields are slightly better for dried corn. 


4. Can fungicide-treated corn be used? 

Captan is a fungicide applied directly to seed. In the event 
of delayed sprouting, the captan prevents the seed from 
molding and rotting. Captan treated seed can be identified by 
its reddish color. 

Captan has very little, if any, effect on the alcohol making 
process. The use of a little extra yeast for the fermentation 
step will assure a normal alcohol yield. 

The problem of the safety of using the stillage from 
Captan-treated corn is still being investigated. 


5. Can corn treated with propionic acid be used? 

Because of the high cost of energy, the traditional way of 
preserving corn by drying is sometimes replaced by cold 
sterilization. High moisture corn is sprayed with 0.8% pro- 
pionic acid to preserve it for up to one year. Currently, the 
corn being treated this way is used only as food for ruminants, 
because propionic acid is beneficial to the animals. Corn used 
for industrial products is normally not acid treated, since 
propionic acid may be an undesirable contaminant for a 
particular process. 

Acid treated corn has a propionic acid residue of up to 
four grams per pound. Preliminary experiments indicate that 
when this amount of propionic acid is diluted by the water in 
the mashing process, the acid concentration is too low to kill 
the yeast. However, the initial growth rate of the yeast is 
decreased, so up to double the amount of yeast should be 
added to obtain a vigorous start for fermentation. 
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VI. Grinding : Kernels To Meal 


Most starch materials like grain must be milled to expose 
the starches to the various chemical processes. (See Road- 
map p. 44). The greater the surface area available, the greater 
the contact between starches and what they react with. As 
you know from our discussion above, contact and surface 
area are directly related to the speed of a reaction. 

Ideally, we want to grind the material to as fine a meal as 
possible without producing an excessive amount of flour. 
Although a flour has a tremendous surface area, it is difficult 
to work with mechanically. It clogs filters and, more impor- 
tantly, it makes the mash too thick (viscous) to stir easily. 
Also, depending on the distillation unit, fine matter especially 
tends to burn in the distilling pot and is very difficult to 
clean out. Livestock do not eat burned products. 


It is essential that grains be milled, as whole kernels yield 
practically no ethanol. For most cereals like corn, grinding is 
carried out most commonly by a hammer mill. For mills 
having sieves, a screen size of 3/16 inch is recommended. If 
the mill has no provision for a screen, it would be wise to 
check particle size, since the coarser the grind, the lower the 
yield of ethanol. Even a grind of 1/4inch may decrease the 
yield of ethanol by 5 to 8% (6 to 10 oz/bushel). In large 
ethanol production units, this represents a significant loss. 
People who work with just a few bushels of corn will have to 
decide for themselves if the loss is important enough to 
watrant sieving the corn. 

For fibrous feedstocks like sugar cane and sorghum, roller 
mills are appropriate because the crushing action helps extract 
the juice. 
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VII. Slurrying: Making The Mash 


A. WATER 

Water is a vital ingredient in ethanol production. It is the 
vehicle for the chemical reactions and it allows for easier 
handling of the grain. The first step of converting starch to 
sugars is to suspend the starches in water so they can be 
gelatinized. (See Roadmap.) This means the starches absorb 
water, become hydrated, and are altered in structure. Only 
when the starch has absorbed water can it be attacked and 
broken apart by enzymes. 

Slurrying or suspending the corn meal in water is accom- 
plished by adding a quantity of meal to a premeasured 
amount of water. We want to emphasize that better mixing is 
obtained when the corn is added to the water, thus the phrase 
"Do as you oughter, add corn to the water." 

At this point it is necessary to plan ahead a bit. If you are 
going to carry out all the operations in one container, it should 
be large enough to hold the entire batch of mash. Only part 
of the water is added during the slurrying process, so don't 
choose your tank size by the initial volume of slurry. The 
authors recommend 10-12 gallons of water initially per bushel 
of corn, the amount depending on how dry the corn is and 
how finely it is ground. Another 20 gallons of water is added 
after the initial cooking process. 

High amylose types of corn gelatinize slowly; their slurries 
become rather thick because the linear starch they contain 
is not easily broken down. Even extended cooking is of no 
help. On the other hand, waxy corn varieties gelatinize quick- 
ly. Their slurries do not become very thick because more of 
the starch is of the branched type (amylopectin) which is 
broken down and dissolved more easily. 
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How much water should you use? Several opposing factors 
must be considered. There must be sufficient water to allow 
good mixing and handling, but since the slurry is going to be 
boiled, there should be a minimum of water that must be 
heated. 

It is important that ethanol production be energy efficient, 
but at the same time, we don't want to burn the starches on 
the bottom of the container because of insufficient water and 
poor mixing. Burmed starch does not get converted to alcohol. 


B. COOKING 

1. Liquefaction: Starch to Dextrins - Besides water, heat 
is needed for the gelatinization of starch. (See Roadmap.) A 
minimum of 185°F is required for water absorption, but a 
higher temperature, above 200°F, increases the speed of 
reaction, as we noted in Section IV. As the mash is boiled to 
get the starch out of the meal and gelatinized, the slurry be- 
comes thicker and thicker and becomes more difficult to stir. 
To help overcome this problem, 13 milliliters of liquefying 
enzyme (Taka-Therm, for example) are added to the slurry 
for each bushel of corn. Even though the enzyme gradually 
loses its activity at 212°F, it works enough to allow you to 
stir it. Our process would then become energy inefficient 
when we boiled the extra water. 

In our recipes, after the starch has been boiled for 30 
minutes, the mash is cooled to 195°F by adding water. 
Another 13 ml of liquefying enzyme is added and the tem- 
perature is held at 190°F for one hour to complete lique- 
faction. 

Although the liquefying enzyme Taka-Therm is very 
active at 190°F, the mash must be stirred frequently to get 
the enzyme in contact with the starch and to keep all the 
mash at a uniform temperature. 

Remember, this first step of liquefaction breaks the starch 
into smaller pieces called dextrins (Figure 6). This is the most 
difficult and critical step in the production of ethanol. If the 
starch is not hydrated and then broken into dextrins, ethanol 
will not be produced no matter how carefully the remaining 
operations are carried out. Because this is a critical step in 
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terms of product yield, the amount of liquefying enzyme we 
have suggested is somewhat higher than the manufacturer's 
recommended dose. We feel the few extra cents worth of 
enzyme is compensated for by the fuel savings from short 
heating times. The acidity needed for the liquefying enzyme 
is a pH of 6-7, the natural pH of a corn-water mixture. 

2. Saccharification: Dextrins to Sugar - The next step 
toward ethanol production requires a different pH. To convert 
dextrins to sugar, the second enzyme is required. (See Road- 
map.) This saccharifying enzyme works best at a pH of 4.2 - 
4.8 and at a temperature of 140°F. It also works at a slower 
rate down to 80°F, the temperature of fermentation. Tem- 
peratures above 140°F reduce the activity of the saccharifying 
enzyme. The hot slurry is first cooled by adding water. 
NOTE: Quick cooling helps prevent bacterial growth. The pH 
is adjusted to 4.2 by addition of small amounts of battery 
acid (sulfuric acid). If you add too much acid, as shown by 
pH test paper, bring the pH back up by adding lime (calcium 
oxide) or a lye solution (sodium hydroxide). We prefer the 
low pH because it also helps hinder the growth of unwanted 
bacteria. No pH adjustment is necessary if you are using 
Biocon enzymes. 

The saccharifying enzyme (Diazyme L-100, for example) 
is now added to the mash (34 milliliters per bushel of corn). 
As previously explained, this enzyme breaks the dextrins into 
sugar (Figure 7). The process takes 30 mintues at 140°F. A 
starch test should now be done. This process will be explained 
in the next section. 
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h IKEEOON STILL 


The three-tank "Freedom Still" from Tri-Star Corporation, 
Vandalia, Illinois. Each tank is used for all parts of alcohol 
production: cooking, fermenting and distilling. All three tanks 
use the central single reflux column. This commercially avail- 
able unit was one of the top alcohol producers at the lowa 
Corn Cookoff in July, 1980. It distills 35 gallons of 180 
proof alcohol from 14 bushels of grain in 7 to 8 hours. 
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VII. Sampling Techniques 


At this point it is appropriate to discuss what tests should 
be carried out on the mash. We said that in order to have 
consistently good yields it is necessary to monitor the progress 
of the operation. If a previous step was not carried out pro- 
perly, subsequent steps will not produce the desired results. 
The measurement and adjustment of acidity have been dis- 
cussed already. The presence or absence of starch is the next 
important measurement. 


A. STARCH TEST 

After the mash has been treated with the two enzymes, 
all starch should have been converted to sugar. This conversion 
is checked by an iodine test so sensitive it can detect a tea- 
spoon of starch in 10,000 gallons of water. Tincture of iodine 
is used and may be found at a pharmacy. The test is carried 
out by adding one drop of iodine solution to one-half tea- 
spoon of liquid taken from the mash. 

If the solution barely changes color, chains of one to six 
sugar units are present (Figure 10). A red-brown color 
indicates 6-30 sugar units in the chain, while a blue color 
indicates 30-300 unit chains. A blue-violet color indicates 
starch is present. Unless this starch is converted to sugar, you 
will not get an optimum yield of alcohol. 

In practice, the starch test is almost always blue, even 
after enzyme treatment, because of the presence of linear 
starch molecules which are slow to break down. Even if 
starch is present, fermentation may begin as long as there is 
about a 7% sugar content to feed the yeast. 

The saccharifying enzyme will slowly break down the 
starch but not nearly as fast as the liquefier. Also, the sac- 
charifying enzyme, unlike the liquefying enzyme, still func- 
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tions at fermentation temperatures. Thus during the fermen- 
tation period, any remaining starches will be converted to 
sugars. 

If a blue starch test bothers you or, more importantly, if 
you think incomplete starch conversion is responsible for a 
low yield of ethanol, we recommend the following. Do not 
prolong the liquefication step at 190°F or reheat a cooled 
solution to 190°F, because this wastes valuable energy. 
Rather, keep the mash at 140°F and add a few more milliliters 
of the saccharifying enzyme, which will slowly break down 
the starch. Of course, the saccharifying enzyme is not as 
effective as the liquefier, but there is a saving in energy. 


B. SUGAR TEST 

Before fermentation is started the sugar content of the 
mash must be measured. If more than 24% sugar is present, 
the fermentation yeast will be killed before all the sugar has 
been converted because a too high alcohol concentration is 
produced. Most yeast becomes inactive in 15% alcohol. A 
sugar content of less than 5% results in slow fermentation. 

The quantity of sugar present in the mash may be 
determined either by measuring the density of the mash 
liquid, by using "Tes-Tape" urine glucose test strips (Figure 
11), or by measuring refractive index. 

1. Tes-Tape Method - Since the Tes-Tape reads up to 
only 2% glucose, the sample of mash must be diluted one to 
ten with water before the Tes-Tape is used. A one to ten dilu- 
tion is made by mixing one drop of mash with nine drops of 
water in a dry container. After mixing the solution, the test 
strip is dipped in, and compared with a color chart. The value 
of the sugar concentration is then multiplied by ten to get 
the concentration in the mash. 

Tes-Tape is sensitive to glucose only. If any other sugars 
are present, they will go undetected. Although feedstocks 
from corn are broken down to primarily glucose, other feed- 
stocks such as molasses, sugar cane, sugar beets, and sweet 
sorghum contain mostly sucrose, which is best tested by the 
hydrometer (density) method. 
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2. Hydrometer Method - A second way of determining 
sugar content is by measuring the density of the mash solution. 
Density is measured by a hydrometer - a float with a calibrated 
stem. The everyday battery acid tester is the usual hydrometer 
most people are familiar with. 

There is always a small error in hydrometer readings 
because different types of sugars in solution have different 
densities and because of solids suspended in the mash. Mash 
that has been filtered gives the most accurate readings. How- 
ever, in practice, the approximate reading from a mash solu- 
tion that has settled a few minutes is usually sufficient. The 
measurement may be taken directly in the container where 
settling has taken place as long as the lower bulb of the hydro- 
meter is not in the sediment. If there is a large amount of 
sediment or if the container is not very tall, it is best to pour 
the upper liquid into another container before the density of 
the liquid is measured. 

Hydrometer readings are also slightly inaccurate because 
of temperature effects. Increasing the temperature decreases 
the density of a liquid. Most sugar hydrometers are calibrated 
at 68°F. If you measure the density at a temperature lower 
than the calibration temperature, the sugar content will 
actually be a bit more than the hydrometer reading. Although 
temperature correction tables are available, we don't think 
such accuracy is necessary. Knowing the sugar content to 
within two percent is accurate enough. 

In the alcohol business, the density of sugar solutions is 
measured by a triple scale hydrometer. This hydrometer is 
calibrated for density in three scales: 


a) specific gravity, 
b) the Brix (or Balling) scale, 
c) percent potential alcohol. 


We will use the last two scales. 

a. Brix Scale - The Brix scale is calibrated so that the 
value of the scale corresponds directly to the percent sugar in 
the solution. A value of five on the Brix scale indicates a five 
percent solution of sugar. 
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b. Potential Alcohol Scale - The percent potential 
alcohol scale reads just what its name says. Before fermen- 
tation, a potential alcohol reading of eight would mean that 
if all the sugar were converted to ethanol, the final solution 
after fermentation would contain eight percent alcohol. 

The difference between the reading before fermentation 
and the reading at any time during fermentation represents 
the actual percent ethanol at the time of the second reading. 
For example, a before fermentation reading of twelve percent 
and a reading of seven percent during fermentation would 
indicate a five percent ethanol content at that point in the 
fermentation process. 

3. Refractive Index Method - A third way to measure 
sugar contents uses an instrument called asugarrefractometer. 
Because of its high cost (several hundred dollars), the sugar 
refractometer is practical for laboratories, but not for the 
small ethanol producer. 
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The ethanol proof hydrometer, shown in three views above, 
is very similar to the sugar hydrometer since all hydrometers 
work on the density principle. Top left: The hydrometer 
floating freely in the liquid. For an accurate reading, be sure 
it does not touch bottom. Top right: The proof scale, which 
gives a correct reading of 190 proof when viewed from eye 
level. Bottom: Herb Seto demonstrates correct position for 
reading the hydrometer. Notice that to obtain a correct 
reading, your eyes must be level with the surface of the 
liquid. 
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IX. Fermentation 


A. DEFINITION 

Fermentation is the process by which enzymes from 
yeasts or bacteria convert sugar into ethanol and carbon dio- 
xide. (See Roadmap.) 


B. EQUATION 


Fermentation occurs according to this equation (Figure 
12): 


east 
GeH1205 ~~ 2C2H50H + 200, + HEAT 


sugar ethanol carbon 
dioxide 


There are three things to notice about the above chemical 
equation: 

(1) As with any chemical equation, the amounts of pro- 
ducts always depend on the amount of reactant (starting 
material). For example, from a bushel of corn (56 pounds), 
you typically get 32 pounds of starch which gives 36 pounds 
of sugar. According to the above equation, from this 36 
pounds of sugar, you will get no more than about 18 pounds 
of ethanol and about 18 pounds of carbon dioxide. In other 
words, it is impossible to get something like 25 pounds of 
ethanol from 36 pounds of sugar. 

(2) As with any chemical equation, the products are 
always in a fixed ratio to each other. Using the illustration, 
above, approximately equal amounts of ethanol and carbon 
dioxide always form. You will never get twice as much ethanol 
as carbon dioxide. 
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THE CHEMISTRY OF CORN INTO ALCOHOL 


(3) Any chemical reaction involves a consumption or 
production of heat. Fermentation produces heat as the reac- 
tion proceeds. About 250 BTU of heat are produced for each 
pound of sugar. Or, again using the above illustration, a bushel 
of corn will produce about 9000 BTU's of heat as the sugar 
(36 pounds) ferments. 

This "waste heat" should not be wasted. This is a valuable 
coproduct of the fermentation process that can save con- 
siderable money on heat costs if it is recycled. 


C. FERMENTATION AGENT: YEAST 

1. Definition and Function - The yeast is a living organism 
that belongs to the vegetable family. It is a single-celled fungus 
that is widely distributed in nature. Since the yeast is a plant, 
it needs food to live. The yeast gets its energy from the sugar 
in the mash. But in order to break down the sugar (a metabolic 
process), the yeast needs the help of acatalyst. Like any living 
organism, the yeast contains enzymes to help it break down 
sugar. Therefore, the yeast is not directly responsible for 
fermentation; it is the enzymes it secretes that act on the 
sugar to produce ethanol and carbon dioxide gas. 


The metabolism of the sugar (such as glucose or fructose) 
involves a series of chemical reactions. This metabolic process 
has many side reactions which produce higher alcohols, 
aldehydes, and ketones. The yeast can also produce minor 
amounts of glycerols and organic acids (acetic acid and lactic 
acid). The acids and higher alcohols in this mixture, which 
have higher boiling points than ethanol, are commercially 
known as "fusel oils." 

NOTE: About 5% of the sugar is used by the yeast for its 
own growth (to produce new yeast cells) rather than to 
produce ethanol. For this reason, actual yields of ethanol 
generally fall short of theoretical yields. 

In addition to sugar, the yeast cells need proteins, vitamins 
and certain minerals (mainly phosphorus and potassium) in 
order to grow and function properly. These are normally 
provided by the components from the corn that are in the 
mash. 

In summary then, each yeast cell is an independent living 
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organism. Besides needing food to live on, each cell carries on 
all of the functions of life; digestion, respiration, excretion, 
metabolism, and reproduction. 

2. Types of Yeast - The yeast used in fermentation is a 
special strain bred to be resistant to alcohol and to withstand 
changes in acidity. All of the many types of yeast that can 
ferment sugars are classified saccharomyces, which means 
"sugar splitting." Brewer's yeast, baker's yeast, and wine yeast 
are all variants within the species saccharomyces. 

Brewer's yeasts are special strains developed for produc- 
tion of beer and distilled spirits. Vintners and brewers usually 
cultivate their own yeast by harvesting the additional yeast 
that grows during fermentation. Three pounds of yeast are 
produced for each pound putin. By harvesting this extra yeast, 
they can cultivate just the strains of yeast that will produce 
the particular flavor components the brewer wants. Special 
active dry yeasts are available, such as "Distiller's Active Dry 
Yeast" (DADY). 


It is also possible to use baker's yeast from the grocery 
store. But this is not specifically bred for pH and temperature 
tolerance, so you won't get as good yields of alcohol as with 
certain strains of distillers yeast. 

A third possibility is to use "wine yeast,” available from 
any winery. It can tolerate higher temperatures (up to 100°F) 
and higher alcohol concentrations (up to 18%). But it usually 
works at a slower rate. 

Unless you have a very large alcohol operation, it is pro- 
bably unnecessary to grow your own yeast. It is probably 
cheaper to buy one of the three types of commercial yeasts 
mentioned; yeast will most likely be the cheapest chemical 
you will have to buy in your alcohol operation. The distiller's 
yeast is cultured to produce alcohol most efficiently and 
quickly and is recommended for alcohol production. 

The dried active distiller's yeasts are good if kept at low 
temperatures. They can be kept for up to 6 months at 35-55°F 
and still maintain 90-95% of their activity. If stored at 70°F, 
they lose over a third of their activity in this time period. 

Be careful if you use the "pressed" yeasts. These contain 
some water and so begin to lose activity in a matter of days. 
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They should always be refrigerated and used within days of 
their purchase. 


D. YEAST LIFE CYCLE 

What factors are necessary to promote the active, healthy 
growth and functioning of yeast? It must be stored, fed, kept 
pure, and have its environment managed to produce the 
maximum alcohol output. 

To understand how each of these factors affects the yeast, 
it is perhaps best to consider the yeast life cycle. This can be 
divided into five phases: 


1. Lag Phase 

2. Rapid Growth Phase 

3. Negative Acceleration Phase 
4. Stationary Phase 

5. Decline Phase 


1. Lag Phase - When the yeast is first put into a sugar 
solution exposed to air, it begins to adapt to the solution. 
This involves adjusting to the temperature, the acidity, and 
the osmotic pressure of the solution. During this time it feeds 
on the nutrients in the solution and adjusts itself to the mash. 
This adjustment period is called the "Lag Phase." 

2. Rapid Growth Phase - The yeast next begins to 
multiply rapidly. As long as there are enough nutrients and 
oxygen around, this rapid reproduction continues. This phase 
normally lasts for only a few hours. Yeast normally will not 
multiply in solutions containing less than 1.0 ppm of dissolved 
oxygen. Up to this point, fermentation has not yet begun. 

3. Negative Acceleration Phase - In the corn mash, the 
oxygen supply is limited; often the oxygen content is only 
6-8 ppm initially. Consequently reproduction of yeast is 
limited. Once most of the dissolved oxygen supply has been 
depleted, the process of fermentation actually begins. This 
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"anaerobic" phase (in the absence of oxygen) only occurs if 
sufficient nutrients are present in the solution. 

4. Stationary Phase - Near the end of the fermentation, 
the yeast appears to go into a resting phase. It is not inactive 
since it is still alive. It is carrying out its normal life functions 
(respiration, metabolism) but at a much slower rate. It can be 
activated again and will go through all stages of the yeast cycle 
again and again. 

5. Decline Phase - In the actual fermentation process, 
the yeast finally moves into an actual decline in activity. 
Much of the food (the sugar) has now been used up and the 
waste product (the alcohol) is quite abundant. The production 
of alcohol therefore reaches a point of diminishing returns. 
This usually occurs after 21/2to 3 days (60 to 72 hours). The 
most obvious sign that this point has been reached is that no 
more carbon dioxide bubbles are being produced. 

The five phases are summarized in Graph I which appears 
at the top of page 62. The yeast life cycle can really be divided 
into two fundamental functions of the yeast: 

a) The first two phases are aerobic propagation. Oxygen 
is needed, and the yeast is using sugar as food to reproduce 
itself. 

b) The last three phases are anaerobic fermentation. 
These steps occur without oxygen and the sugar is being con- 
verted into alcohol. 

Another way of summarizing these two functions of yeast 
is as follows: 

a) The yeast "burns" the sugar as energy to make more 
yeast. Oxygen is needed to burn the sugar. 


yeast + sugar + Oxygen more + water + carbon 
yeast dioxide 


b) Once the oxygen is consumed, the yeast uses the sugar 
to make alcohol. 


sugar Yates. alcohol + carbon dioxide 
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Log of Cell Numbers 


a a a 4 { 5 Time 
Graph I: YEAST LIFE CYCLE 

1. Lag Phase 4. Stationary Phase 

2. Growth Phase 5. Decline Phase 


3. Negative Acceleration Phase 


By repeatedly passing strains of yeast through the five 
phases of this cycle a process of "natural selection" occurs. 
The yeast most adaptable to the conditions of the environ- 
ment (acidity, temperature, alcohol content) will survive in 
the greatest amounts. In this way special strains of yeast can 
be selectively cultured to best function in the environment of 
a particular fermentation process. 


E. FERMENTATION PROCESS 

As you can see from the above diagram, (Graph I), the 
fermentation starts slowly, then goes rapidly for perhaps 30-36 
hours. By that time, typically 75% of the sugar has already 
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been converted to alcohol. In other words, if the Brix (sugar) 
scale started at 20%, after 36 hours it will typically be down 
to 5% sugar. The alcohol content should be up to about 7% 
by then. From that point on, the fermentation proceeds 
much more slowly. 

To carry out the actual fermentation, you need to be 
aware of the different stages in the yeast life cycle and how 
to control their duration by managing the conditions of the 
environment. 


1. Activation of Yeast - To get the yeast going, you need 
to mix the yeast with a little warm water and a little sugar for 
the yeast to feed on. This "activates" the yeast or helps it to 
begin to grow rapidly. The presence of oxygen at this stage is 
critical since it is needed for the yeast to reproduce. (Re- 
member "aerobic propagation.") When bubbles of gas (CO2) 
begin to be produced rapidly, the activated mixture is added 
to the mash. 

During this "activation" process, you're allowing the yeast 
to go through the Lag Phase and the Rapid Growth Phase. 
Both of these phases are particularly dependent on the num- 
ber of yeast cells initially added. The more yeast cells added, 
the more quickly these phases will be completed. 

How much yeast should you use? A typical amount to 
use is about one pound of yeast for every 300 gallons of 
mash. 

There are two possible ways that we recommend for 
activating the yeast: either a) add some yeast to a warm sugar- 
water mixture or b) add some yeast to a small portion of 
your mash. 


a) For every pound of yeast you want to activate, add 
about a half pound of sugar to about two gallons of warm 
water (80-90°F). Allow the yeast to grow until CO, bubbles 
are being generated rapidly; then add this mixture to about 
300 gallons of mash to be fermented. 

b) Another alternative method for yeast activation can 
be used especially well if infection has been carefully control- 
led. About 5% of the mash is pumped into the empty fer- 
menter and about 20% of the normal yeast quantity is added 
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Ethanol stills are not necessarily expensive to build. Jerry 
Kleiss, Tom Kleiss and Tom Koberlein of Tolono, Illinois, 
built the alcohol plant shown above from scrap parts at a 
cost of slightly more than $200. The two 55 gallon cooker- 
fermenter tanks are part of a small on-farm alcohol plant. 
Each drum has another one-third section of drum welded 
onto it to hold its liquid propane burner. Note the stirring 
motor resting atop each tank. 


with 20% of the sugar. This mixture is allowed to ferment for 
8-10 hours at which time the yeast is multiplying rapidly. 
The rest of the mash is then pumped into the fermenter. 

For example, in a 300 gallon batch, /5 gallons of mash 
would be mixed with about 0.2 lbs of yeast and 0./ lb of 
sugar. After about 8 hours the other 285 gallons of mash 
would be pumped into the activated mixture. Further addition 
of yeast is unnecessary. 


The big advantage to this method is that the yeast is 
already adjusted to the mash by the time the main mash is 
added. Therefore, since the Lag Phase is virtually eliminated, 
fermentation can possibly be completed in as little as 35-40 
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hours! Remember, however, for this approach to work effec- 
tively, you must take pains to control contamination. 

2. Control of pH - There seems to be considerable dis- 
agreement on how much control of pH is required for a good, 
rapid fermentation. Brewers agree that yeast will grow well 
only in a slightly acidic solution. Having acid present also 
helps to slow down the growth of harmful bacteria which can 
lower your alcohol yields. 

The disagreement seems to be on whether a) to add acid 
initially to adjust the pH or b) to wait for the yeast to adjust 
the pH by their own normal processes. 

The natural pH of corn mash is about 5.5 to 6. The growth 
of harmful micro-organisms is virtually prevented if the pH is 
below 5.0. Usually the best results in fermentation occur in a 
range from 4.0 to 5.0, although yeast functions from pH 4 to 
6. If the solution is too acidic (below 4), the fermentation 
stops. If this occurs before all the sugar has fermented, your 
alcohol yield will, of course, below. Yeast will actually survive 
all the way from a pH of 2 to 9. 

a. Adding Acid Initially - If you wish to lower the pH 
rapidly to get it into the desired range (from 4 to 5), you 
can add battery acid (H2SO,). Another method is to add 
some of the acid residues from a previous distillation. When 
this stillage is added to the mash, it's called "backslopping." 

Backslopping has three advantages: 


a) It adusts the pH to help prevent bacterial growth. 
b) It provides nutrients for the yeast to grow rapidly. 


c) It "buffers" the mash to help prevent further pH 
changes during fermentation. One possible disadvantage of 
backslopping is bacterial contamination from the previous 
fermentation batch. 

b. Waiting For The Yeast - Other brewers feel it is un- 
necessary to bother with pH adjustment initially. They argue 
that the pH will drop to about 4.2 and will then stabilize at 
about 4.5 in a matter of hours as the yeast adjusts the pH of 
the fermentation by excreting organic acids (such as lactic, 
oxalic, etc.). 
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We recommend that you experiment with both ap- 
proaches. Monitor the pH during fermentation to see that it 
does not drop below pH 4. In general, yeast growth, acidity, 
sugar concentration, alcohol concentration, and temperature 
are all interrelated. So it is important to check pH both 
before and during fermentation. Since the yeast produces 
acids, the pH can change significantly during fermentation. 

If the pH should drop too low, you can add lime (CaO) 
to raise the pH back up above 4. We will see later that 
monitoring the pH can also help detect infection. 

3. Control of Temperature - Temperature control is 
also very important for the yeast to function properly. The 
best temperature range is from 75-90°F, with temperatures 
not to exceed 95°F. Above 95°F the rate of fermentation 
gradually drops off, and above 110°F it completely stops. 
Various yeast strains can tolerate higher temperatures, but 
generally it is best to work between 85 and 90°F. This is 
true for several reasons: 

a) The rate of fermentation is rapid enough to minimize 
bacterial growth. 


b) There is a savings in energy. 


c) Ethanol losses by evaporation are minimized. 

(Generally, for every 9°F the temperature rises, the rate 
of ethanol evaporation increases by 1.5 times.) 

Remember that the fermentation reaction itself produces 
heat (it is an exothermic reaction). This heat is normally dis- 
sipated through the walls of the fermenter and by evapora- 
tion of water and ethanol as the carbon dioxide gas escapes. 

For small-scale plants housed in an unheated building in 
winter, this excess heat will be dissipated without raising the 
temperature above 95°F. At most other times, fermenters 
will have to be equipped with some type of active cooling 
system (cooling coils or jackets) to prevent the temperature 
from rising too high. With an appropriate design, this heat 
can be used to heat up other solutions by using heat ex- 
changers. This results in an overall savings in energy costs. 

4. Control of Air - Fermentation must occur in the 
absence of air. The oxygen in the air will cause acetic acid 
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(vinegar) to form instead of alcohol. Any process that must 
take place without the oxygen in air is called anaerobic. 


The CO, coproduct helps to keep the air out. At the 
height of fermentation, the mash actually churns from all 
the CO, bubbles given off. You must provide a fermentation 
tank that keeps out the air but allows CO), to escape. 

Another reason for keeping out air is to minimize 
bacterial contamination from the air. Even if the tank is not 
tightly covered, a loose clean sheet can help prevent micro- 
organisms from entering the mash. 


5. Control of Nutrients - The nutrients present are 
quite important for proper yeast growth. If there are low 
amounts of dissolved nitrogen and amino acids, it is necessary 
to add more of these nutrients both for good fermentation 
and proper yeast growth. The com kernel usually has enough 
protein present to provide these basic nutrients in sufficient 
amounts. Since much of the protein is in the form of solids, 
it is important to leave these solids in the mash during 
fermentation. 

The sugar concentration needs to be controlled for two 
reasons: 

a) If itis initially too high, it can slow down the growth 
of yeast cells in the early stages of the life cycle (due to high 
osmotic pressure). 

b) The alcohol concentration at the end of fermentation 
depends on the initial sugar concentration; the final alcohol 
concentration will be about one-half the initial sugar con- 
centration, if all the sugar is fermented. 


However, if the alcohol concentration becomes too high, 
the yeast dies. If the alcohol concentration gets too high 
before the sugar is all used up, the yeast will be killed and the 
rest of the sugar will be wasted. 

Saccharomyces strains of yeast can effectively use all the 
sugar in solutions that are up to 24% sugar. The alcohol 
concentration produced is then found to be about 12%. 

6. Control of Poisons - Other substances such as fungi- 
cides and certain minerals can act as poisons to yeast. Usually 
these minerals are not present in the corn or the water sup- 
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plies used. Fungicides are usually not a problem if present in 
low concentrations. Most will be destroyed by the yeast 
during fermentation if adequate amounts of yeast are initially 
added. Therefore no residual fungicides are usually found in 
either the product beer or yeast. 

As mentioned earlier, alcohol itself can also be a poison. 
Remember, alcohol is the waste product of fermentation; just 
as with humans, too much waste product around can be 
poisonous. The tolerance of yeast for alcohol varies from one 
percent to 18 percent. Brewer's yeasts are sometimes devel- 
oped to stop fermenting at as low as six percent alcohol by 
volume; baker's yeast stops at about 12 percent and wine 
yeast at about 15 percent. Selected strains will vary within 
each of these species. 

7. Control of Spoilage Organisms (Bacteria) - Other 
contaminants to a yeast culture are any bacteria or organisms 
which either: 

a) compete with the yeast for nutrients or 


b) produce metabolic products (usually acids) which are 
not compatible with yeast. In either case, alcohol production 
will be reduced if these organisms are allowed to grow. 

Where do these things come from? All of these organisms 
are found to some extent in the air, on the equipment, and in 
the materials used to make alcohol. They must always be 
dealt with if you want consistently good alcohol yields! 

"Most of these spoilage organisms are killed in the boiling 
during the cooking stages of the brewing operation. It is im- 
portant to note that one class of bacteria, called "thermo- 
philes," will survive boiling. They give the beer a bad taste 
and odor. They may come from the corn itself or from the 
brewing equipment. 

These "thermophiles" can be destroyed by the domi- 
nating influence of the yeast during the growth phase. This 
again emphasizes the importance of adding plenty of yeast 
soon after the mash is ready for fermentation. This allows the 
yeast to begin to grow vigorously before the "thermophiles" 
have a chance to multiply. 

Another common spoiler is the "acetic acid bacteria." 
They act on the product of the fermentation, the ethanol. 
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They convert the alcohol into acetic acid, the acid present in 
vinegar, and consequently give the vinegar taste to the pro- 
duct. These are aerobic bacteria, requiring oxygen to survive, 
so they don't usually survive anaerobic fermentation. How- 
ever, after fermentation is completed, they can infect the 
beer if an unclean surface is introduced. This emphasizes the 
importance of both cleanliness and rapid distillation after 
fermentation is complete. If the fermented beer must be 
temporarily stored, an atmosphere of carbon dioxide above 
the solution can help prevent this type of spoilage. 


Another type of bacteria that is anaerobic, and therefore 
a very serious threat to beer spoilage and to contamination of 
the yeast, is "lactic acid bacteria" which convert sugar into 
lactic acid instead of alcohol. Since they work on the sugar, 
they can begin to work even before the yeast is added and 
continue to compete with the yeast during the fermentation 
process. 

These bacteria grow rapidly under very similar conditions 
to those needed for yeast growth. Consequently, control of 
these organisms is very difficult and requires regular cleaning 
of equipment. In fact, some brewers consider this organism 
to be the most dangerous to deal with in making alcohol. 
However, if the fermenter tanks are cleaned periodically, the 
small amounts of this organism that may remain can be over- 
powered by the yeast in the fermentation process. 


If slow fermentations are a problem, the cause could well 
be "wild yeasts." They can contaminate and eventually 
dominate the yeast culture. They can be detected by the 
presence of an unusual and persistent turbidity in the beer or 
by the presence of a "skin" on the surface of the beer. The 
only way to prevent this type of contamination is by good 
routine cleaning. If contamination occurs, the yeast must be 
discarded and the equipment thoroughly cleaned before star- 
ting a new batch. 

A good single test for determining infection is to watch 
the pH carefully. It is not unusual for the pH to drop to 4 
because of acids secreted by the yeast. But if you notice the 
pH dropping below 3.5, this is a pretty sure indication that 
infection has occurred. 
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8. Sterilization - How can you best control infection? 
There are certain points along the way prior to fermentation 
that can allow bacteria to begin to grow in the mash. The 
greatest danger of infection occurs below temperatures of 
140 to 150°F. That is why it is so dangerous to allow your 
cooked mash to cool slowly overnight. The faster the mash is 
cooled down, the less the danger of infection. 

If you have smooth, clean surfaces on your equipment, 
these organisms have a hard time getting started. However, if 
you allow solids such as minerals, starches, sugars, proteins, 
etc., to build up anywhere in the cracks, corners, valves, and 
porous surfaces of your equipment, these organisms can 
begin to grow and multiply rapidly. These areas give protec- 
tion from the sterilizing solutions and high temperatures that 
would normally kill them. 

Polished stainless steel, glass-lined, or plastic coated sur- 
faces are best. If interior cooling coils or agitators are needed, 
try to use large ones that are easily cleaned and have a mini- 
mum of rough surfaces. 

How should cleaning be done? The main idea is to pres- 
sure rinse all tanks and surfaces with just water immediately 
after cooking or fermenting. It's like cooking a pan of soup 
on the stove. If you rinse the pan out immediately, it can be 
washed the next day without difficulty. If you let it dry out 
overnight, it requires lots of scrubbing to clean it the next 
day. So rinse off any solids and solutions right away; usually 
scrubbing won't be needed. This removes any potential 
pockets of infection. 

In industry, hot (over 180°F) cautsic soda (NaOH) solu- 
tions are now added in concentrations of about 2-4% by 
weight and containing a wetting agent to improve penetra- 
tion. The tanks are filled with the hot caustic solution which 
is sloshed around for about 20 minutes, then left to sit 
overnight. The caustic solution is then drained and the tank 
rinsed with a hose before use. The caustic solution can be 
reused until it gets contaminated with solids. 

Although sterilization by hot lye is standard in industry, 
we feel it is not practical for the smaller alcohol producer. 
Heating the caustic solution requires energy, and extra stor- 
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age tanks are necessary if the solution is reused. Disposal of 
the solution is also sometimes a problem. 

We recommend "cold sterilization" for the control of 
unwanted organisms. The technique involves swabbing the 
fermentation tank with an unheated solution containing one 
of a variety of chemical sterilizers whose active ingredient is 
either iodine, a bisulfite compound, or a quaternary am- 
monium compound (sometimes referred to as "quats" or 
"quads"). The quaternary ammonium compound is used 
widely by bakeries and breweries, because it is nonacidic and 
easy to work with. 

For a very cheap method of disinfection, you can use a 
solution of formaldehyde purchased from a drug store. We 
do not recommend formaldehyde because it is smelly and very 
irritating to eyes, skin and especially nose. 

Needless to say, after any disinfecting treatment, the 
equipment must be thoroughly washed with water. 

In summary, most infections can be prevented by thor- 
ough and regular cleaning. One brewmaster with 18 years 
experience suggests that this is the one key to consistent pro- 
duction of alcohol. Random good batches may occur without 
good cleanliness; but in order to get good results batch after 
batch, cleanliness is a key factor. 

8. Final Tests - After fermentation stops, check the 
mash for the following: 

a. Alcohol Content - Use the triple scale hydrometer. 

Subtract your reading from the first figure obtained be- 
fore fermentation. The difference is the amount of alcohol in 
the batch now. It should contain 8-11% alcohol. 

If your alcohol content is too low, possible reasons are: 

1) temperature was too low (below 70°F). If so, heat 
the batch and give the yeast more time to work. 

2) temperature was too high (above 95°F). If so, your 
yeast possibly was killed. Cool the batch, add more yeast, 
and continue the fermentation. 

3) bacterial content was too high. Use a caustic solution, 
penicillin, steam sterilization or a bactericide in the tank to 
kill the bacteria. 


71 


b. Sugar Test Using Glucose Test Paper - All the sugar 
should be gone. If it isn't you can dilute the solution, add 
more yeast, and allow fermentation to continue. Or you may 
just leave it as wasted sugar. 


9. Practical Advice 


a. Will more yeast decrease the fermentation time? Yes. 
The length of time required to convert the sugar to ethanol is 
dependent on the number of yeast cells per quantity of sugar. 
The greater the number initially added, the faster the job is 
complete. However, there is a point of diminishing returns. 


b. How long does fermentation take? Usually from one 
to four days. It all depends on the pH, the temperature, the 
concentration of sugar, and several other factors. In order to 
minimize bacterial growth, try to carry out the fermentation 
quickly by keeping the temperature at 85-90°F. 


c. Should you stir the mash during fermentation? Usual- 
ly not, because the CO, gas given off agitates the mash enough 
to give pretty good mixing. Some sources, however, specifi- 
cally emphasize stirring the fermentation mixture; they claim 
it increases the rate of fermentation by 10-15%. 


d. How often must the pH be checked? You can check 
the pH regularly each day. However, if it's adjusted properly 
to start with (to about pH 5), there normally will not be a 
need for adjustment during the fermentation. 


e. How do you know when fermentation is complete? 
You always know when the fermentation is complete when 
the mixture stops bubbling and the yeast sinks to the bottom. 
Once the CO, bubbles stop, alcohol formation has stopped. 
(The two always go hand in hand.) At this point the fermen- 
ted liquor is known as "beer" and is ready to be distilled. 


f. Does it hurt to let the beer sit before distilling ? Other 
reactions can occur, so it is good to distill your beer as soon 
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as possible. If you delay distillation, the alcohol can be 
changed to vinegar by "acetic acid bacteria." (Remember 
that these bacteria need air to change your alcohol to vinegar). 
During fermentation, the pressure of the CO, gas helps to 
keep the air out. After fermentation, even a capped tank 
allows a little air in (there's no CO) to keep it out). So don't 
let your beer sit too long after fermentation has stopped, or 
your yield may go down as much as 10% for each day it sits. 


g. How much alcohol will I get? This of course depends 
on your sugar concentration (Brix scale) at the beginning of 
fermentation. Remember, however, that theoretically the 
alcohol content at the end should be one-half the initial sugar 
concentration (from the equation in Figure 11). Actually, it 
is closer to 48%, since 4-5% of the sugar is converted to other 
products as organic acids and complex alcohols. 


FINAL TIPS: 


1) Be sure to keep equipment clean from one batch to 
the next. 


2) Be sure to keep the air out of the mash. 
3) Be sure your sugar content is not over about 24% to 
begin with. Higher sugar concentrations will produce alcohol 


concentrations high enough to inactivate the yeast before all 
the sugar is fermented. 
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X. Distillation 


A. DEFINITION 

Distillation is the process by which two or more liquids 
with different boiling points can be separated by heating, 
which vaporizes the liquids, and then cooling, which conden- 
ses the vapors. (See Roadmap.) Separation is possible if one 
liquid vaporizes more easily than the other. 


B. COMPARISON OF ETHANOL AND WATER 

Ethanol turns into vapor (boils) at 173°F, while water 
remains a liquid until 212°F. It seems like it should be pos- 
sible to boil off the alcohol when the temperature reaches 
173°F. This doesn't happen, though, because water and 
alcohol molecules hold on to each other very tightly. (They 
like each other so well, in fact, that adding 500 milliliters of 
ethanol to 1000 milliliters of water does not produce 1500 
milliliters of solution, but 1457 milliliters instead.) The drier 
the alcohol you want, the harder it is to get. 


C. SEPARATION OF THE ETHANOL-WATER MIXTURE 

The obvious purpose of the distillation process is to 
separate the alcohol from the water. When the alcohol-water 
mixture is boiled, the vapor is richer in alcohol, which is 
more volatile. The liquid left contains a lower percentage of 
alcohol than the vapor above it. Let's see how this applies to 
a simple still. 


1. Simple Still Set-up - The simplest distillation set-up 
requires a pot, some heat, and a coil for condensation. (Any 
good moon-shiner could give lots of tips on this kind of set- 
up.) All other distillation apparatuses are just more sophisti- 
cated versions. 
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While regulating a distillation in the lab, Cathy Travaglini 
adjusts a flask for collecting distilled alcohol from a glass 
plate column. 


In the laboratory we use 1) a heat source, 2) a distilling 
flask, 3) a thermometer, 4) a condenser, and 5) a collecting 
flask (Figure 13). 

2. Why Distillation Works - Suppose you wanted to distill 
100 pounds of an ethanol-water mixture containing 10 weight 
percent ethanol. This mixture boils at about 197°F. The 
vapors contain about 53 weight percent ethanol, so that 
when these vapors are condensed, the liquid resulting contains 
53 weight percent ethanol. Since the condensed liquid does 
not contain enough alcohol for fuel purposes, further distil- 
lation is needed. This new liquid now boils at about 177°F 
and its vapors contain about 78 weight percent ethanol. 
We're getting closer to obtaining pure alcohol, but since this 
still isn't good enough, the new condensate would have to be 
distilled again. Each time this is done, the alcohol percentage 
increases. 

This boiling point versus percentage of ethanol in the 
liquid and vapor has been experimentally determined for us 
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and is presented in Table 1. Let's examine this distillation 
further. We find that if the product of one distillation is 
redistilled several times, the process occurs at a lower and 
lower temperature until a temperature of 172.7°F is reached. 
At this point the weight percent of alcohol in the vapor and 
the liquid are equal, about 96%. What does this mean? It 
means that no matter how many times this mixture (96 
weight percent ethanol) is distilled, no further separation (or 
enrichment) occurs. This is the famous ethanol-water "azeo- 
trope." The remaining 4% of water cannot be removed 
without modifying the procedure. "Breaking" the azeotrope 
will be discussed later. 


3. Ethanol-water Phase Diagram - The information in 
Table 1 can be presented a little more clearly when plotted 
on a graph (Figure 14). This graph is known as a "phase dia- 
gram" for the ethanol-water mixture. The lower curve (liquid 
phase) was made by plotting weight percent alcohol in the 
liquid versus boiling temperature (°F). The upper curve 
(vapor phase) was made by plotting weight percent alcohol in 
the vapor versus the same boiling temperature. The minimum 
boiling azeotrope (actually at 95.6 weight percent ethanol) is 
now easily seen on the graph at Point A. The area between 
the two curves is a two-phase region; both liquid and vapor 
exist here. Below the liquid curve only liquid exists. Above 
the vapor curve, only vapor exists. 

To see how the phase diagram works let's go back to our 
100 pound 10 weight percent ethanol-water mixture. This 
concentration is shown on the graph by a dashed line labeled 
BC. If we increase the temperature starting from Point B 
(170°F), the liquid heats up until it reaches 197°F where it 
begins to boil (Point C). If we draw a horizontal line (dashed 
line CD) to the vapor curve, we find that the vapor formed at 
this temperature contains about 53 weight percent ethanol 
(Point D). We have just shown on the phase diagram a 
"simple" or one-step distillation. 3ut as you now know, we 
need still higher proof ethanol, which we get by distilling the 
new liquid shown at Point E. The new liquid boils at about 
177°F and its vapors (Point F) now contain 78 weight per- 
cent ethanol. The process continues until the constant boiling 
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TABLE | 
Ethanol-Water Boiling Point Data, Atmospheric Pressure 


Boiling % ethanol Wt. % ethanol 
Point, °F in liquid in Vapor 
212 0 0 
210.0 1 10.3 
208.5 2 19.2 
206.9 3 26.3 
204.8 4 32.5 
203.4 5 Sik 
197.2 10 52.7 
189.2 20 65.6 
184.5 30 71.3 
181.7 40 74.6 
179.6 50 77.4 
177.8 60 79.4 
176.2 70 82.2 
174.3 80 85.8 
174.1 82 86.8 
173.7 84 87.7 
173.4 86 88.8 
173.2 88 90.0 
173.0 90 91.2 
172.9 92 92.6 
172.8 94 94.2 
172.7 96 95.9 
172.6 98 97.8 
173.0 100 100 


Source: Adapted from Gasahol USA, May, 1980, Vol. 2, no. 5 
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Ethanol-Water Phase Diagram 
(Vapor Concentration Changes) 
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mixture is formed at the minimum temperature, 172.3°F, 
the boiling point of the azeotrope. The distillate at this point 
is 191.2 proof. 

How are the ideas of the phase diagram put to use on the 
farm? Let's examine some distillation processes in detail to 
see how. 


D. FARM DISTILLATION SYSTEMS IN USE 

Because distillation with a simple type system does not 
produce a high enough proof product, we do a multiple distil- 
lation with a reflux system. 

1. Two Column Plate Set-up 

a. The Beer Still - The first column used is called the 
"beer still" or stripping column. The pre-heated mash (beer 
with a high solid content) is pumped into the top of the beer 
still where it falls down the column through a series of sieve 
plates (perforated plates) (Figure 15). A typical beer still 
might consist of a twelve inch copper pipe with 18 one-quar- 
ter inch thick plates spaced about 9 1/2 inches apart. The plates 
are perforated with about forty one-half inch holes and have 
a "downcomer pipe" extending through them and into an 
open cup attached to the surface of the plate just below. 

The mash builds up in the cup, then overflows onto the 
perforated plate. When the liquid level on the plates gets high 
enough, it can flow to a lower plate by the downcomer pipe. 
The mash does not flow through the holes in the plates 
because steam entering the bottom of the still rises in the 
column through these holes. 

The cup acts as a liquid seal so the steam is forced through 
the perforated plates rather than passing through the down- 
comer pipes. Thus, steam entering the bottom of the beer 
still passes upwards through the layers of mash on the plates, 
stripping alcohol vapors out in the process. Most of the water 
from the steam condenses and falls back down through the 
beer column. 

A recent modification to the downcomer pipe/cup ar- 
rangement is to eliminate the cup entirely. The straight 
downcomer pipe is then replaced by a "J tube" bent like 
the letter "J". The bend at the bottom of the tube acts like 
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Robert Talkemeyer of Arenzville, Illinois, demonstrates the 
double column still which he and his wife, Eleanor, con- 
structed. The still's steam generator, which can be seen in the 
background, is powered by liquid propane. Like all double 
column stills, the Talkemeyers' can be run continuously. 
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the trap on a sink drain and prevents steam from passing 
from one plate to the next by the downcomer pipe. 

Some still designs have neither cups nor J tubes. The seal 
is effected just by the liquid collecting on the sieve plates. 
When the column is equilibrated and working just right, the 
design works. Very often, though, if steam input is not cor- 
rect, a plate may not collect enough liquid to form a good 
seal. Column efficiency is thus reduced. 

b. Rectifying Still - The vapor (the ethanol-water mix- 
ture, now about 120 proof and about 198°F) then passes 
into the bottom of the rectifying still, or reflux column. 
This column also may contain sieve plates, usually with smaller 
holes than in the beer still. It is here that the problem of 
redistilling separate batches of liquid to increase alcohol con- 
tent to 190 proof is resolved. 

Let's see how this process (called fractional distillation) 
works. To separate two volatile liquids, the following four 
requirements must be met: 


1) intimate, prolonged contact between liquid and vapor 
in the column; 
2) proper temperature gradient along the column; 


3) sufficiently long column; and 


4) enough of a difference between the boiling points of 
the two liquids. 

As the vapor passes through the column, some of it (the 
higher boiling liquid) condenses. The lower part of this col- 
umn is kept at a higher temperature than the upper part. The 
condensed liquid drains down the column and is partially 
revaporized at the higher temperature. These vapors climb up 
through the column and go through a series of condensations 
and vaporizations. This amounts to repeated distillation. In 
effect we are zigzagging our way down the phase diagram. 
The vapor phase at the top of the column consists almost 
entirely of the more volatile (lower boiling) component, 
ethanol. 

After condensation, some of the now cooler alcohol pro- 
duct (about 190 proof) is pumped back to the top of the 
rectifying column to help control the temperature, which, in 
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turn, gives a higher proof product. At first this sounds energy 
wasteful, but in fact, it is not. As alcohol is pumped back 
into the column, the excess heat from the top of the column 
is used internally in the column to revaporize more alcohol. 
This heat is recovered when the vaporized alcohol is recon- 
densed later in the process. We think, however, that a tem- 
perature controlled variable flow valve as used in single 
columns (discussed next) would be a valuable addition to the 
dual column apparatus. 

As an example of capacity, from a 12 inch column, mash 
pumped into the beer still at 250 gallons per hour at up to 
170°F produces 25 gallons per hour of 190 proof alcohol. 

2. Single Column Plate Set-up - An alternative to the 
system described above uses a single column with a similar 
sieve-plate pattern as in the two-column design. In this set-up, 
the entering mash is pumped in half-way down the column 
rather than from the top. The lower half of the column now 
becomes the "stripping" portion and the upper half, the 
"enrichment" portion. Small-scale producers might choose 
this design, as it is less expensive and easier to build and 
maintain. Of course, it's capacity is more limited. 

3. Single Packed Column Set-up 

a. Description of Set-up - An alternative to the set-up 
which requires a steam source and a beer column is distil- 
lation directly from a tank holding the mash. The tank is 
usually fitted with a heat source, a temperature control, a 
stirring paddle, and a reflux column. The reflux column ful- 
fills the same function as the enrichment or rectifying column 
in the two-column set-up. The major difference between the 
two is that, instead of plates, this column is filled with a 
packing material. Packing materials include glass beads, 
marbles, cracked clay plates, ceramic saddles, or any inert 
solid. The solid material should provide a large surface area 
for extensive vapor-liquid contact and thus better separation. 
The separation process is the same as that described in the 
previous section on rectifying stills. 

b. Control of Proof - In the single column still you can 
control the proof of the alcohol distilling over by controlling 
the temperature at the top of the column. To see why this is 
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so, look again at the data from Table 1. Vapor at 172.7°F 
will contain 95.5% ethanol, but as the vapor temperature 
rises, the percent of ethanol decreases. Let's look at how this 
applies to our still. During the normal course of distillation, 
the mash boils at a higher and higher temperature as alcohol 
is distilled off. The reflux column, following the rise in mash 
temperature, then allows lower proof alcohol to distill over. 

How do we prevent this? One way to prevent lower proof 
alcohol from distilling over is to slow down the rate of distil- 
lation by lowering the heat input. Then, by the time the vapor 
gets to the top of the column, it has cooled to 172.7°F. This 
type of control is difficult because of the lag time between 
regulating heat input and observing a temperature change at 
the top of a column. 


A simpler way of controlling column temperature is to 
put a small condenser at the top of the column. Typically, 
the condenser consists of coils of copper tube in the upper 
12-18 inches of the reflux column. Actual temperature con- 
trol of the temperature at the top of the column can be 
manual or automatic. 


With manual control, you monitor the proof of the distil- 
ling alcohol. If the proof begins to get lower, turn on the 
cooling water a bit faster. Increasing the water flow increases 
the proof of alcohol. This holds true because you are decreas- 
ing the temperature at the top of the column. 


With automatic temperature control, a variable flow rate 
valve controls the water going into the condenser. The valve 
in turn is connected to a temperature sensing device at the 
top of the column. The higher the temperature in the column, 
the faster the flow rate of cooling water. Thus by varying the 
water flow, the valve will maintain the temperature at which 
it is preset. 


In order for automatic monitoring to work, the valve and 
sensor must respond to temperature changes of 3°F or less, 
otherwise the proof of the alcohol fluctuates widely. 


In the distillation processes described above, the final 
product will have a maximum of 95.6 weight percent ethanol, 
the azeotropic mixture. This mixture cannot be separated by 
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Two types of commercially available, acid-resistant ceramic 
packings for reflux distillation columns are illustrated above. 
Top: Berl saddles. Bottom: Raschig rings. These are available 
from the Maurice A. Knight Co., Akron, Ohio. The optimum 
size of this type of packing is 1/12 the column diameter; the 
maximum size 1/8 the column diameter. 
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Frank Andrew uses plastic 12 gauge shotgun shell wads as 
packing in his single column still. He reports that after six 
months of regular use, the packing shows little deterioration. 


further fractional distillation, since the vapor and liquid both 
contain the same percent alcohol. 

c. What's Left in the Pot - The phase diagram for 
ethanol-water also tells us about the liquid in the distillation 
or so-called "spent beer" (Figure 16). 

Remember that the original ten weight percent solution 
when heated to 197°F (Point A) produced vapors that con- 
tained about 53 percent ethanol. The liquid composition 
changes as it is heated, since more alcohol than water is 
removed. Suppose we continue to heat our original solution 
to 203.4°F. Now the liquid composition has become about 4 
weight percent ethanol (Point B), and its vapor is about 38 
weight percent ethanol (Point C). The liquid is becoming 
depleted of ethanol. 

At Point B, there is only about 84.8 pounds of liquid left 
in the still. This can be determined by the /ever rule: take the 
length of line CD divided by line CB and multiply by 100. 
Thus, line CD is 38 - 10 or 28; line CB is 38 - 5 or 33; (28/33) 
x 100 = 84.8%. This means 15.2 pounds (100.0 - 84.8) have 
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vaporized with an average composition of about 38 weight 
percent alcohol. 

4. Vacuum Distillation - Tf the distillation is carried out 
under vacuum, the boiling points of the liquids are reduced 
and it is possible to distill at lower temperatures. This can 
mean a savings in energy if the vacuum system used involves 
less energy expenditure than that involved in heating the 
liquids to higher temperature. 

If you want to estimate the boiling point of a mixture of 
ethanol and water at various pressures, refer to Figure 17. 
The boiling of the mixture lies between those of the two pure 
liquids. For example, at 400 mm Hg pressure, or mercury 
pressure, the boiling point of the mixture will fall between 
146.3 and 181.4, probably about 160-165°F. 


E. SELECTION OF STILL DESIGN 

Which type of distillation apparatus is best for you? In 
general, the two column set-up is for the larger, continuous 
running alcohol plant that has a separate steam supply. The 
single column still is usually used by small-scale producers 
who operate on a batch basis. We consider a large-scale pro- 
ducer to be anyone who works with 4000 gallons or more of 
mash at one time. 

Usually single columns are easier to set up and easier to 
equilibrate than a two-column still. Many people start out 
with a single column still because it is relatively easy to build 
and less expensive. They may ferment one or two barrels of 
mash at a time. As they gain experience, more refinements 
are made and equipment added. As the scope of operation 
increases, the decision may be made to switch to a two- 
column set-up. 


F. DRYING THE ALCOHOL 

What if you want to remove all of the water? This is 
necessary if the ethanol is to be blended with gasoline for 
fuel. To convert the ethanol to 200 proof or 100% alcohol, 
the azeotrope must be broken. 

1. Breaking the Azeotrope - One method is to add a 
third liquid which forms a lower boiling mixture with water. 
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The double column Agri Stills Ethanol System shown above 
is from Agri Stills of America, Springfield, Illinois. Although 
both distillation columns contain plates and J-tubes, one is 
the stripping column and the other the enrichment column. 
Their operation uses 320 bushels of corn per day to produce 
33 gallons per hour (250,000 gallons per year) of 190 proof 
ethanol. 
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Stainless steel turnings are used as packing in the single 
column (glass) Kleiss-Koberlein still (shown previously on 
page 64). Note the condenser coils at the top of the column 
for controlling the proof of the distilling alcohol. 
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This mixture when distilled leaves behind dry (anhydrous) 
alcohol. The third liquid can be benzene or tricholoreothy- 
lene, but both of these are hazardous chemicals. They should 
be used only with extreme caution or not used at all. 

A better choice is gasoline, since it does not have the 
same health hazards as the other two liquids. When the gaso- 
line azeotrope mixture is distilled, the gasoline fractionates 
(breaks into its separate compounds). Gasoline is a mixture 
of many organic substances called hydrocarbons. Since there 
will be some loss of the gasoline through the distillation 
process, a little more must occasionally be added. 


2. Drying Agents - An older but less efficient method of 
drying ethanol is to use ordinary lime (CaO) which reacts 
with water to form hydrated lime, Ca(OH)?2, which is a solid, 
insoluble in ethanol. The hydrated lime falls to the bottom of 
the tank and the dried (99.5%) ethanol can be drawn off the 
top. 

A fairly new method is the use of molecular sieves to 
remove the final 4% to 6% water from the alcohol-water 
azeotrope. Molecular sieves are dessicants (drying agents) 
which absorb water because the pores of the material are 
smaller than the ethanol molecules but larger than the water 
molecules. The sieve material is packed in two columns. The 
alcohol-water mixture can be passed through the column in 
either liquid or vapor form. When one column becomes 
saturated (can no longer absorb water), the flow is switched 
to the second column. Heated gas (450°F) is passed through 
the first column to evaporate the water. A non-flammable, 
non-oxidizing gas should be used. The CO, from the fermen- 
ters is suitable for this. The energy requirement for regenera- 
tion is fairly high, about 2500 Btu/pound of molecular sieve. 
The sieve material lasts for about 2000 cycles or more before 
deterioration begins, and it must be replaced. 


The latest research involves the use of various forms of 
starch and cellulose which selectively absorb water from the 
ethanol-water mixture. Dried cracked corn is one such possi- 
bility. This wet grain could then be used for livestock feed or 
ethanol production. 
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G. PROBLEMS 

The problems that arise in the distilling process include 
the following: 

1. Foaming and Clogged Columns - If your alcohol set- 
up uses a distillation tank with the column attached directly, 
special problems sometimes arise. The most common prob- 
lem is excessive foaming from trying to distill the mixture 
too rapidly. A tank which is too full also contributes to the 
problem. Typically, the tank is filled to about 2/3 or less of 
its total capacity. 

Sometimes foaming can be traced to a pH value greater 
than 7. Basic solutions have more of a tendency to foam than 
acidic solutions. 

Commercial antifoam agents are available. Some farmers 
have used the same antifoam agents they put in their tractor 
tanks to prevent foaming during field application of tanks to 
prevent foaming during field application of chemicals. 
We would use antifoam agents with great caution, because 
their residues might affect the livestock who feed on the 
stillage and coproducts. 


A secondary problem with foaming is that the light chaff 
and "bees wings" which float on the foam get pushed into 
the distilling column. If the packing is of fine mesh such as 
steel wool type turnings, clogging can occur. A clogged 
column can lead to high pressure in the tank, which might 
blow open the safety valve. The easiest way to avoid the 
problem is to start the packing 12 to 18 inches into the 
column. This dead space before the packing will help settle 
out the foam. 

2. Corrosion - Because the mash is acidic, any part of 
the still which comes in contact with the mash must be made 
of an acid resistant material such as glass, stainless steel, or 
fiberglass. Tubing used in heat exchangers for preheating the 
mash (beer), as well as column packing, must also be acid 
resistant. 

As of this writing, plastics have not proven to be a suit- 
able column material because they do not withstand the heat 
and pressure encountered in the distillation process. In 
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addition, the solvent action of the hot ethanol causes the 
plastic to crack and deform. Temperature resistant plastics 
have been used successfully on a small scale in mashing and 
fermentation tanks which are heated by coils immersed in the 
tanks. Obviously, plastics may not be heated directly with a 
flame. 


3. Solid Build-up - The solids in the mash tend to build 
up arubbery coating (of protein) on the sieve trays and other 
internal surfaces. The plates and interior must be cleaned 
periodically, so it helps if the plates can be removed easily. 
There also is some scale build-up from the steam introduced 
into the bottom of the beer still. 


4. Energy Conservation - Tanks and lines that are to be 
run at elevated temperatures should also be insulated to help 
conserve energy. 


5. Corn Oil Residue - Currently only large commercial 
ethanol plants remove corn oil as a separate product. In all 
other situations, the corn oil is part of the stillage residue. 
Under certain distillation conditions, a bit of the corn oil will 
separate. This is normally not a problem. However, if you 
operate a two column still and run large amounts of steam 
into the stripping column, the oil may be carried into the 
enrichment column. Depending on the design of the enrich- 
ment column, the oil may collect as it becomes trapped within 
the column (the ethanol floats on oil) or it may be drawn off 
the column along with the alcohol. In either case the oil is an 
undesirable contaminant. The problem can be eliminated by 
lowering the temperature of the stripping column. 


H. EFFICIENCY AND THEORETICAL PLATES 

In the laboratory, the process of repeating many mini- 
distillations (fractionating) is done on several types of frac- 
tionating columns, including 1) glass-finger columns, 2) 
packed columns and 3) a plate-column. These columns have 
different hold-ups and efficiencies. The hold-up is the amount 
of liquid required to wet the packing material. 
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The efficiency is a measure of the separating ability of 
the column. It is expressed in terms of total theoretical plates, 
and/or Height Equivalent to Theoretical Plate (HETP). The 
number of theoretical plates, n, to achieve a standard separa- 
tion for a 50:50 weight percent mixture of two liquids with 
boiling points T, and Tg (in °C) is approximately equal to 

n= 250/(Tg - Ta) 
The higher the number of theoretical plates, the greater the 
efficiency of the system. 

In general, packed columns have more hold-up, but also 


more efficiency and can better separate two liquids with a 
small difference in boiling points. 


I. MEASURING THE PROOF OF ETHANOL 

The proof of the distilled ethanol is measured by a Proof 
and Traille hydrometer. The Traille scale gives the concentra- 
tion of ethanol in percent. The hydrometer actually measures 
the density of the solution, but the calibration is 
directly in proof (and percent). For ethanol-water mixtures, 
the higher the concentration (proof) of ethanol, the lower 
the density of the solution. This means that the hydrometer 
sinks more and more into the solution as the proof of ethanol 
increases. 

Most ethanol hydrometers are calibrated at 60°F. Since 
the alcohol coming from your still will probably be above 
60°F, the hydrometer will read too high a proof. As the 
temperature increases, the density of the solution becomes 
less. Exact correction tables for proof are available from the 
U.S. Bureau of Standards and from some Bureaus of Alcohol, 
Tobacco and Firearms. However, the followingrule of thumb, 
which is accurate to better than one proof (1°), is adequate 
for our use. In the range of 160 to 190 proof ethanol, for 
every 10°F increase in temperature over 60°F, the actual 
proof is about 3° less than the hydrometer reading. For 
example, if the hydrometer reads 180 proof for a sample at 
136°F, the correction would be as follows: 


1. Find the temperature difference, as for example: 136°F - 
60°F = 76°F 
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THE CHEMISTRY OF CORN INTO ALCOHOL 


2. Divide the temperature difference by 10. 76 — 10 = 7.6 


3. Multiply the new value by 3. 7.6x3 = 22.8 = 23 (rounded 
off) 


4. Subtract the factor from the hydrometer reading to get 
the actual proof. 180 - 23 = 157 proof 
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XI. Energy Balance 


Many opponents of ethanol as a fuel have said that it 
takes more energy to produce ethanol than you get back 
when you burn ethanol. This is true only if the ethanol is 
made by the old fashioned brewery process. With current 
technology it takes 30-40,000 Btu to produce a gallon of 
ethanol on a small farm size still. When one gallon of ethanol 
is burned, 85,000 Btu are released. The energy balance in the 
future looks even more favorable. 

The numbers quoted above come from the Solar Energy 
Research Institute, 1536 Cole Blvd., Golden, Colorado, 80401 
(Preliminary Energy Balance and Economics of a Farm-Scale 
Ethanol Plant, D. Jantzen and T. McKinnon, April, 1980, 
SERI/RR-624-669). SERI examined the 30 gal/hr (190 
proof) still on Gene Schroder's farm in Campo, Colorado. 
The plant has two 3500-gallon cookers, three 7000-gallon 
fermenter tanks, a special three-column distillation apparatus, 
and two steam generators. 


All energy input (diesel fuel and electricity) was carefully 
monitored. Other inputs considered were energy expended in 
obtaining grain, transportation and grinding, water, and 
enzymes. The outputs considered were the ethanol and hot 
water from the condensers. Stillage coproducts were not con- 
sidered but would be an energy credit. 
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XII. Coproducts 


"What do you plan to do with the stillage?" 

"IT haven't really thought much about it." 

"Well, you're probably not going to make it economically 
without marketing the stillage." 

Such is a typical dialogue that goes on between an ex- 
perienced alcohol production consultant and a farmer inter- 
ested in setting up his own alcohol plant. Veteran brewers 
consider effective use of the coproducts to be a vital concern 
for both large and small scale alcohol plants, often spelling 
the difference between success and failure. 


A. TYPES OF COPRODUCTS 

When you process corn to make ethanol, you will find 
there are other products in addition to ethanol. Some sources 
describe these as "by-products." We prefer to use the term 
used by the Solar Energy Research Institute; they call these 
products "coproducts." The coproducts can be of equal 
importance to the alcohol producer in terms of economics. 
They may make the difference between an overall profit or 
overall loss in the economics of alcohol fuel production. 

What are the coproducts? There are two: carbon dioxide 
and stillage (distillers mash). Most of this discussion will 
focus on the use of stillage as feed to farm animals as a protein 
supplement. 


B. STILLAGE (DISTILLERS MASH) 

1. Definition - The whole stillage contains all of the 
remains of the fermentation mixture after the alcohol has 
been removed. These distillation residues contain essentially 
all of the nutrients from the original corn kernels, plus the 
yeast cells. Moonshiners refer to it as "slop." 
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2. Composition of Corn - We can perhaps better under- 
stand the make-up of stillage if we analyze the original corn 
kernel. We can ask three questions: 


a) What types of substances are originally in the corn 
kernel? 


b) In a bushel of corn, what are the amounts of the 
various products that are separated in corn refining? 


c) Which part of the corn kernel is converted to alcohol? 


A kernel of corn has four principal parts; in order of their 
separation in corn refining, they are 


a) the germ: proteins, carbohydrates, minerals, corn oil; 
b) the hull: cellulose; 
c) the gluten: tough, fibrous, protein; 


d) the starch: the only part converted to sugar, then to 
alcohol. 


The corn kernel looks something like this: 


Hull (cellulose) 


Endosperm 
(mainly starch, 
some gluten) 


Germ (protein, 
carbohydrates, 
minerals) 
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Typically, the products from corn refining at a plant like 
Archer Daniels Midland in Decatur, Illinois, would be 


from one bushel of corn (56 pounds) 
1. 31-32 pounds starch 


2. 12-13 pounds corn gluten feed (21% protein; 
mainly fiber) 


3. 34 pounds corn gluten meal (63% protein; fit for 
human consumption) 


4. 2-3 pounds corn oil 
5. 4-8 pounds water 


In alcohol fuel production, ONLY THE STARCH is 
converted to alcohol and CO. All of the other parts (which 
are not normally separated in an alcohol fuel plant) are left in 
the stillage. The stillage then contains the protein (gluten), 
oil, fiber, minerals, and some water from the original corn 
kernel. 

The transformation of the corn kernel can be represented 
by the diagram in Figure 18. From this diagram, we see that 
essentially all parts of the corn except the starch are left 
untouched when corn is converted to alcohol. An easy way 
to remember the relative amounts of the three main products 
from alcohol fuel production is the Rule of Thirds: 


a) one-third stillage (24 Ibs) 
b) one-third alcohol (18 lbs) 
c) one-third carbon dioxide (18 lbs) 


Remembering this ratio can help you argue against the 
idea that making alcohol from corm will cause people to 
starve because of a decrease in food supply. As Al Mavis put 
it in a recent interview in the magazine Gasohol USA (Sep- 
tember, 1980, p. 28): 
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COPRODUCTS OF CORN 
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C05 
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STARCH 


24 Lbs. 
in the STILLAGE 
(GLUTEN, GERM, HULL) 


Contains 
Protein, Oil, Fiber, Minerals, Water 


Figure 18 
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"You can't make a gallon of alcohol from grain without 
making a pound of high protein food. It's an impossibility. 
The normal breakdown of cereal grain in alcohol fermenta- 
tion is one alcohol, one protein, and one carbon dioxide. " 

The world food shortage is due mainly to a protein 
deficiency and is complicated by the difficulty of shipping 
bulk grains overseas. The concentrated protein in dried stil- 
lage is more accessible to starving nations than the protein in 
the original grains. Because of these facts, Mavis concludes, 

"As a consequence of fuel alcohol production, we'll have 
more food probably, not less, if we convert grains here in 
America into fuel, and have proteins available, and ship what 
we can't eat overseas." 


3. Composition of the Stillage - The amount of the 
stillage shown in Figure 18 can be misleading. The 24 pounds 
refers to the stillage that actually comes from the bushel of 
corn; it does not include the yeast cells and water that are 
added during processing. The combination of the germ, hull, 
gluten, yeast and added water is called "whole stillage." This 
means the whole stillage actually weighs more than the 24 
pounds that is shown in Figure 18. 

The net effect of converting the starch into alcohol is to 
concentrate the nutrients in the stillage that remains after 
distillation. By removing the starch, the percentage of fat, 
fiber and protein in the grain residues is more than tripled 
(on a dry basis). 

From a chemical perspective, we can look at the carbon 
nitrogen (C/N) ratio. Many cereals average about at 24/1 
ratio. For most animal feeds, you need about 5/1 ratio, so 
there is a need to remove the excess carbon containing carbo- 
hydrate from the grain. Producing alcohol from the grain 
does just that. In making alcohol, the 60-70% starch content 
is removed, leaving about a 7/1 balance. So the nutrients are 
more concentrated in the dry stillage than in the original 
grain. 

Usually the whole stillage is about 90-95 percent water 
because of all the water added during conversion and fermen- 
tation; the other 5-10 percent is solids or "dry matter." Some 
people ask the question, "Why not just physically separate 
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out the solids from the liquids? Then you could get out the 
good stuff and leave the water behind." 

The reason you can't is that many of the solids and 
nutrients are water soluble. Mere physical separation would 
leave as much as 67% of the protein dissolved in the water. 

The stillage itself varies in protein content from 26% to 
32% on a dry basis. The actual chemical composition varies 
depending on the conditions during the grinding, the cooking, 
the fermentation, and the distillation. It's a good idea to 
obtain a laboratory analysis of your stillage after your 
operation has stabilized. Then you can best decide how to 
use this coproduct most effectively. 

4. Using the Whole Stillage - Many farmers are interested 
in using the "whole stillage" which contains all of the water 
for livestock and poultry feed. This coproduct can be used 
easily and conveniently with very few changes in your normal 
farm procedures. The biggest advantage of using the wet 
stillage, is the energy saved by not drying it. As much as 40% 
of the total energy used in converting corn into alcohol can 
be saved if the stillage is not dried. By finding markets for the 
wet stillage, farmers can eliminate the need for installing and 
operating the costly drying equipment. 

However, several questions have been raised in connection 
with using the whole stillage as feed. 


a) What is the problem with spoilage? One of the major 
problems in using the whole stillage for feed is that it tends 
to spoil rapidly. In hot weather it can spoil within one day 
unless somehow treated or stored in the absence of air. Con- 
sequently, the wet coproduct must either be fed to livestock 
almost immediately or quickly moved to special storage 
facilities. Some farmers claim that they have kept the wet 
stillage as long as a week without special storage facilities if 
the weather is cool, but these cases seem to be the exception 
rather than the rule. 

b) How do you handle the high water content? Problems 
in both storage and transportation result from the high water 
content (90-95%) of the whole stillage. Most farmers and 
researchers agree that this problem can be handled in several 
ways. 
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One way is to feed the whole stillage directly to your live- 
stock or poultry within a day or two. The animals should 
then eat it within one day of feeding. You will need the same 
types of trucks and storage tanks that are used to handle bulk 
liquids to handle the whole stillage. 

A second way to deal with the whole stillage, while still 
avoiding the high costs of drying, is to use a combination of 
screens of decreasing coarseness in a large tray to strain the 
whole stillage. If you are willing to spend the money, this can 
be followed by a more expensive treatment, such as pressing 
or centrifuging. Depending on which of the three processes is 
used, these procedures can lower the moisture content to 
about 60-80%. At about 60 percent moisture, the stillage has 
a consistency like wet sawdust and can be scooped with a 
shovel. 


Remember that the "thin stillage" that goes through the 
screens contains yeast cells and soluble nutrients. This "thin 
stillage" can be used in liquid feed supplements or possibly 
recycled through the fermentation system. 

Research in progress at the University of Illinois in Urbana- 
Champaign in the fall of 1980 is exploring the usage of high 
moisture stillage in feeding feedlot cattle and swine. They use 
centrifuged stillage that comes from the alcohol production 
plant of Agri-Stills of America in Springfield, Illinois. The 
original whole stillage has a 92-94% moisture content which 
is reduced to about 62% after centrifuging. In this centrifuged 
form the stillage does not flow, is not pasty, and can be 
hauled in a truck. The water that is left will not drain out. 
Even at this moisture content, some spoilage will begin 
within a week. If it remains warm and is not protected from 
air, it will begin to mold on the surface in 3-4 days. 

A third possibility is to mix in other forages like corn 
stover, low-grade hay, or straw in order to improve the hand- 
ling of the material. Moisture content can be lowered to 
50-60% for easier handling and hauling. This also has benefits 
in terms of nutrient balance as we shall discuss later. 

c. How can you store the wet stillage? Even when 
screened, pressed, or centrifuged, the high moisture content 
causes problems with spoilage. The advantage of removing 
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some moisture, however, is easier handling. There is very 
little information available on types of storage or on the 
effectiveness of the storage; most of the research literature 
deals primarily with the dried stillage, the "distillers dried 
grains." 

Most experimentation seems to center on ways to protect 
the stillage from contact with air. If this can be accomplished, 
the shelf life can be prolonged for weeks. Some experimen- 
ters, for example, have prevented spoilage for weeks by storing 
the wet stillage in Harvesters. Other experimentation involves 
use of the other coproduct, carbon dioxide, to extend the 
life of the stillage. When carbon dioxide gas is passed over 
and through the stillage, the air is effectively kept away from 
the stillage, thus preventing spoilage. 


Others are interested in some innovative sealed storage 
systems such as those developed by Ag-Bag Corporation (P.O. 
Box 418, Astoria, Oregon 97103). They use a hydraulic 
operation that permits ensiling both low and high moisture 
forages as well as high moisture grains. They fill huge (9-foot 
diameter) plastic storage bags that are then sealed and placed 
at almost any convenient location. They can be used either 
for self-feeding right from the bag or else loaded and hauled 
for easy feeding. The sealed bags prevent costly losses from 
spoilage and have been used with high moisture corn from 
45% to 80% moisture content. Some hope to extend the 
concept for storing high-moisture stillage. The huge plastic 
bags can be cut to any length, with a recommended capacity 
of 1-1.5 tons of material per running foot with a maximum 
of 120 feet. There is no limit to the storage capacity and the 
total storage cost is less than conventional silos. 


Some researchers are experimenting with extending the 
shelf life by allowing anaerobic fermentation with added 
grains. Wet stillage is mixed with grains like whole shell corn 
on an equal weight basis (dry basis). The added corn absorbs 
moisture and reduces moisture content to about 40 to 50%. 
This mixture is allowed to sit in a silo. Within several days the 
oxygen is used up and the pH is lowered as the mixture 
ferments. The removal of oxygen and the production of 
lactic and acetic acid help to prevent spoilage of the stillage 
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for up to several months. Some mold may form on the sur- 
face in a matter of days. 

d. How does the whole stillage work as feed? There is 
limited information available on feeding the whole stillage. 
Many farmers are experimenting with it on a small scale with 
cattle, pigs, poultry, and household pets; some institutional 
research is currently underway. The same nutrients that are 
in the distillers dried grains are available in the whole stillage 
but are just diluted by all of the water. The animals must eat 
much larger amounts in order to receive the proper nutrition 
and this can cause some problems. On a dry basis, the dried 
grains have from 28-32% protein; how to capture this valuable 
protein without the high cost of drying is the underlying 
problem in its usage as animal feed. 


One main nutrient deficiency (as with the dried stillage) 
is the absence of two amino acids, lysine and tryptophan. If 
the whole stillage is being substituted for soy bean meal, a 
problem can result. Soybean meal is rich in lysine; if supple- 
ments are not used, deficiencies in this amino acid can result. 

Mineral balance is also an important consideration. Whole 
stillage is low in calcium, so a calcium supplement is needed. 
There can also be a sodium loss in animals because of the 
frequent urination that results from the high moisture intake. 
Remember that since the whole stillage is 90-95% water, a 
large quantity of water accompanies the important nutrients. 
Usually when a free choice of salt is given to the animals, 
they will replenish the lost sodium. 

An additional roughage supplement can also help to 
reduce the high moisture problem. Mixing in other forages 
that are low in protein can give a more balanced ration. As 
mentioned earlier, these forages can be added directly to the 
whole stillage to make handling easier, or some researchers 
recommend offering dry hay, straw, or corm stalks as free 
choice when feeding cattle. 

It may also be necessary to add some additional vitamin 
supplements, such as A and D. To maximize animal perfor- 
mance some farmers are adding dry grains as supplements for 
certain animals, especially swine. A protein supplement high 
in lysine and tryptophan is also particularly important for the 
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feeding of swine. From limited experimentation, the use of 
whole stillage in commercial poultry operations has not yet 
proven practical. 

If you do not have a large enough livestock operation to 
handle your whole stillage, investigate other wet markets 
nearby. Adjacent farms and not-too-distant feedlots are 
excellent possibilities for whole stillage markets if you have 
the equipment for hauling bulk liquids. 


e. Will animals really eat the whole stillage ? Cattle really 
seem to like the stuff. Swine approach it a little more cau- 
tiously, much like calves first approach silage. They back off 
initially, then after several days they seem to really love it. 

The high water content has one advantage. It seems to 
help to maintain a full feeling in the animals; they are more 
content and less competitive. This is particularly good for 
gestating sows. 

In summary then, the possibility of using whole stillage 
for animal feed is a very likely one. Presently, however, there 
is little research to support or deny the variety of methods 
being used or the claims being made in terms of nutrition and 
animal performance. The fact remains that this is the method 
of using stillage that attracts the greatest interest among small 
to medium scale alcohol producers. This is evident by the 
large amount of grass-roots experimentation being carried out 
by farmers all over the country. 

We recommend that you continue to seek out recent re- 
search reports at some of the institutions where research is 
being performed. A partial listing follows: 


1. Department of Agricultural Engineering, University 
of Illinois at Urbana-Champaign, 61801 Dr. Larry Berger, 
feedlot cattle; Dr. Al Jensen, swine. 


2. Department of Animal Science, University of Neb- 
raska, Lincoln, 68583. Dr. Mary Poos and Dr. Terry Klop- 
fenstein, beef cattle, dairy cattle, poultry, swine. 


3. Department of Dairy Microbiology, South Dakota 
State University, Brookings. Dr. Howard Voelker, dairy 
cattle and storage. 
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5. Drying the Stillage - Unless you are planning a very 
large operation where handling high-moisture stillage or direct 
feeding is impossible, drying the stillage is usually too expen- 
sive an operation. About 40% of the total energy used to 
convert corn into alcohol is needed to dry the stillage to about 
10% water content. The product is, of course, more stable, 
more easily tranported and stored, and the nutrients are more 
concentrated (about 30% protein). However, the tremendous 
cost of drying usually offsets these advantages unless you 
have a very large operation. 

Several publications analyze nutrient value and effects on 
performance of these "distiller's dried grains" (DDG) or 
"solubles" (DDS). 


C. CARBON DIOXIDE 

Carbon dioxide (CO.), the same gas you exhale when you 
breathe, is the other coproduct of alcohol fuel production. 

Marketing this coproduct is much more expensive than 
marketing the stillage since it must be processed in several 
ways before marketing. After being captured, it must be 
"scrubbed" to remove the 1% alcohol and other materials it 
contains. Then it must be purified and compressed to the 
liquid form. 

It can be used as the refrigerant "dry ice" (solid CO>), in 
carbonation of beverages, and in fire extinguishers. Possible 
direct uses on the farm are to preserve the stillage or to 
enhance plant growth in greenhouses or in low-lying fields. 
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XIII. Alternate Feedstocks 


Ethanol, which we have referred to as "grain alcohol," 
can be made from many raw materials other than grains. The 
choice of what raw material or "feedstock" you will use for 
making ethanol will depend on a number of factors: availa- 
bility, percentage yield of alcohol, ease of processing, energy 
costs, other possible use of the material, convenience of 
handling compared to your current operation, and other 
considerations. Your decision will, of course, vary depending 
on where you live and the type of farming operation you 
have. 


A. TYPES OF RAW MATERIALS 

In order for the yeast to cause fermentation, the raw 
material must be in the form of a fairly simple sugar; that is, 
one with either six or twelve carbons in it. Examples that 
were discussed in Chapter V are glucose, fructose, sucrose, 
and maltose. Since all agricultural crops and crop residues 
contain these sugar units, either individually or in chains, 
they can all potentially be used to make fuel ethanol. 

The sugar units are found in three different arrangements: 
separated sugar units or two types of chains. Based on these 
chemical groupings, agricultural raw materials are normally 
divided into three categories. We discuss these and add a 
fourth group which includes more general types of "biomass." 
(Review Chapter V for a more in-depth discussion of this 
class of chemicals, called "carbohydrates.") 

1. Sugar Crops - In these materials the sugar units appear 
either separately or as bonded pairs. Sugar crops include sweet 
sorghum, sugar cane, sugar beets, Jerusalem artichokes, fruit 
crops and molasses. 
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2. Starch Crops - These feedstocks have the sugar units 
linked together in long chains. In the starch crop category are 
corn, wheat, oats, barley, rye, grain sorghum (and other 
grains) or potatoes, sweet potatoes, Jerusalem artichokes 
(and other tubers). 

3. Cellulose Residues - These materials also contain long 
chains of simple sugar units, but they are arranged differently 
than the starch molecules. Included are low grade wood, 
straw, corn stalks, corn stover, corn cobs, sugar cane bagasse, 
rice hulls, oat hulls, flax shive, cotton seed hulls, and peanut 
hulls. 

4. Organic Waste Materials - This fourth group includes a 
mixture of sugar, starch, and cellulose substances. Examples 
are wastes from food manufacture (canned goods or frozen 
foods, cheese (whey), and other processed foods), organic 
urban refuse (leaves, grass, paper products, food wastes), and 
wastes from the wood, textile, and paper industries (sawdust, 
bark, hulls, bagasse and various other by-products). 


B. PROCESSING AND HANDLING OF RAW MATERIALS 

1. Sugar Crops - The sugar in these crops is already in 
the form needed by the yeast. Because of the high water 
content in most of these crops, they are often just squeezed 
to remove the sugar juice. No cooking at elevated tempera- 
tures or processing with enzymes is normally needed. 

An alternative method for processing these crops is to 
pulp, chop, or crush the crop to make the total sugar content 
available for fermentation. The excess solids are then left as 
stillage which could be used as animal feed or fertilizer. 

After the sugar juice has been removed or the plant 
pulped to make the sugar accessible, the pH is adjusted to 
4.8 - 5.0, the optimum range for fermentation. The sugars are 
then fermented to alcohol by simply adding the yeast. No 
dilution is necessary before fermentation since the extracted 
sugar juices are fairly dilute and do not exceed the 24% 
maximum of fermentable material. If only the sugar juice is 
used for fermentation, additional nutrients must be added for 
the yeast to function properly. 

The obvious advantages of using crops that already have 
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the sugar in a fermentable form are simpler equipment, lower 
energy costs in processing, and less labor and time involved. 

There are, however, several problems that may develop. 
One problem arises if you need to adapt your operation to an 
unconventional crop or to one that is not commonly grown 
in your area. Procedures and equipment for planting, cultiva- 
tion, and harvest may not be readily available or well-devel- 
oped. Weed and insect control may introduce additional 
problems. Availability of hybrid seeds may be limited or non- 
existent. This is in stark contrast to the sophisticated cultiva- 
tion practices and hybrids available for such crops as corn 
and wheat. 


Another problem is that these crops tend to spoil even 
more readily than the usual grain feedstocks. Many micro- 
organisms grow rapidly on these crops because of the availa- 
bility of the simple sugars. As a result, the sugar content is 
lowered as they consume it. To avoid this problem, the juice 
can be evaporated to concentrate the sugar or sterilized so 
that the microorganisms cannot survive. These processes are 
costly and require additional energy. 

We will now consider several specific sugar crops. 


a. Sugar Beets - These are one of the more important 
sugar crops because of their high tolerance for a wide range 
of soil and climate conditions. They are currently grown in 
over 19 states and can potentially be grown in many others. 
However, sugar beets need to be rotated with non-root crops 
to prevent a buildup of parasitic root worms called nema- 
todes. Sugar beets should only be planted every fourth year. 

The root worm problem is offset by the fairly high yield 
of two coproducts: the beet tops and the beet pulp. The tops 
are valuable for soil enrichment and help prevent soil erosion 
when left on the fields after harvest. The pulp is what is left 
of the beet after sugar extraction. It makes a good feed 
because of its pleasant taste, high bulk, and potential use as 
either a dry or wet feed. 

You can expect between 0.6 and 0.8 gallons of ethanol 
from a bushel of beets. Most of the carbohydrate is in the 
form of sugar (about 15%), but you may improve your yield 
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by adding small amounts of enzymes to convert whatever 
amounts of starch are in the beets. 


b. Sugar Cane - Currently only four states cultivate sugar 
cane, since there is a lack of land that is suitable for econom- 
ical cultivation. It requires tropical or sub-tropical regions 
to grow. It does, however, give a high yield of sugar per acre 
(40-60 tons) and a good yield of crop residue, called bagasse, 
that can be burned for fuel. The sugar content in cane is 
about 15-17% and alcohol yields will be about 0.4 to 0.6 
gallons per bushel. 

Research is currently being done on the development of 
the following two sugar crops, which, up to now, have not 
been commercially cultivated on a widespread basis. 


c. Sweet Sorghum - Like sugar cane, sweet sorghum is a 
member of the grass family and is closely related to several 
other crops such as grain sorghum, sudan grass, and broom 
corn. In the past it has been grown for small scale production 
of table syrup. 

This crop has good potential for wider cultivation than 
sugar cane because it tolerates a wider range of soil and 
climate conditions all over the United States and matures 
earlier than sugar cane. 

Limited data on alcohol and sugar yields are inconsistent 
and contradictory, but many researchers are optimistic. 

The yields appear to be comparable to or better than 
sugar beets and sugar cane. 


Much experimentation is currently in progress on how 
best to harvest the sorghum for ethanol production. The 
University of Illinois is trying juice extraction right in the 
field with the rest of the plant left on the field. In other 
approaches, the stalk is chopped into pieces and the sugar 
removed by cooking. 

Regardless of how the sugar is extracted, the fibrous stalk 
and leaves that remain have a high protein content that is a 
valuable livestock feed. Many areas of sweet sorghum cultiva- 
tion are in their infancy; two major areas that need develop- 
ment are: 
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A stand of sweet sorghum on Frank Andrew's farm is figuring 
prominently in ethanol experimentation. In cooperation with 
Frank, the University of Illinois is experimenting with new 
hybrids of sorghum and alternative harvesting methods. 
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1) hybrid crops which produce higher sugar yields and 
are more resistant to disease and insects, and 

2) mechanical harvesting techniques that efficiently 
remove the sugar. 

Much of the work with sweet sorghum is still experimen- 
tal; however, it probably has one of the best long-term 
potentials for alcohol production from a sugar crop if cultiva- 
tion becomes more extensive. 

d. Jerusalem Artichokes - This tuber contains a mixture 
of sugars and starches, with about 16-18% fermentable 
material. It grows in a variety of soils, is not demanding on 
soil fertility, and is well-adapted to northern climates. A 
member of the sunflower family, the Jerusalem artichoke is a 
perennial, so no plowing or seeding is needed. The crop for 
the following season will grow from small tubers left in the 
field. 

Alcohol yields are comparable to those for sugar beets, 
from 0.6 to 0.8 gallons per bushel. After the tubers are 
crushed, they are cooked for several hours. Better yields are 
obtained if enzymes are used to help with the starch con- 
version. 

e. Fruit Crops - Most fruits contain from 5-20% sugar 
content. Because of their value as human food, they are not 
likely to be used as raw materials for alcohol fuel production. 
However, use of the waste products from processing these 
crops into frozen or canned foods has good potential. 

f. Molasses as a Feedstock - Molasses is derived primarily 
from the sugar-containing residues of the cane, beet, and 
citrus industries. Only if you live near one of these industries 
and can get the molasses at below market cost, or can get the 
residues themselves, will your ethanol operation be profitable. 

Cane molasses is the only economical feedstock in its 
class at current market prices. The cost of cane molasses is 
$100 per ton. With a yield of 65-75 gallons of absolute 
ethanol per ton, the raw material cost per gallon is $1.33 - 
$1.53. In addition to the raw material cost is the cost of 
labor, equipment, and energy for distillation and transporta- 
tion. Commercial anhydrous ethanol from corn, as of this 
writing, is $1.80 per gallon. 
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Beet and citrus molasses at current market prices are not 
economical, as the raw material costs are $1.60 and $1.83, 
respectively. These costs give little or no allowance for the 
other costs of production. 


2. Starch Crops - The process of converting starch crops 
into ethanol is more complicated than for sugar crops. The 
more complex carbohydrates in starch crops first need to be 
broken down into simple sugars by a process which includes 
cooking and treatment with enzymes. The chemistry of this 
whole process, from original feedstocks to final ethanol and 
coproducts, has comprised the main body of this book. 
Because of the availability of various grain crops and their 
ease of storage, these feedstocks are currently the main 
source of alcohol fuel production in this country. 

We will now consider the two general types of starch 
crops, grains and tubers, in detail. 

a. Grains - If we consider the common grains now 
available (corn, wheat, oats, barley, rye, milo, and rice) all 
have the following characteristics in common: 


1) Alcohol yields average from 2.4 to 2.5 gallons per 
bushel (56 pounds), with the exception of rice, which gives 
about 2.7 gallons. 


2) Starch percentages average between 60 and 65%, with 
barley going as low as 55% and rice as high as 70%. 

3) Moisture percentages are usually in the 12 to 15% 
range. 

4) Temperatures of gelatinization (where the slurry 
begins to thicken) are usually between 140 and 160°F. 
Barley begins to gelatinize as low as 130°F, while wheat and 
rice may go as high as 170°F before gelatinizing. 

5) Unique problems may occur in the processing of 
some of these. Milo and rye, for example, can foam during 
cooking and fermentation. Barley and rye can cause problems 
during cooking because of their high gum content; this may 
prevent total starch extraction unless special enzymes are 
used. Rye will sometimes give a coproduct with a bitter after- 
taste; this problem can be minimized by mixing it with the 
coproduct of another grain like corn. 
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6) Special benefits are derived from certain grains. The 
high gluten (protein) content of wheat makes the stillage 
coproduct especially valuable; milo is often cheapter than the 
other grains. 


b. Tubers - The yield of alcohol from tubers will usually 
be less than that of the grains because of the lower starch 
content. For example, the most common tuber, potatoes, 
will usually give about 0.8 gallons of alcohol per bushel 
(about one-third that for most grains) since they contain 
only 10-25% starch. Normally, no water need be added in 
cooking the potatoes since they already contain 75-90% 
moisture. Usually they are sliced or ground before cooking; 
they gelatinize around the same temperatures as the grains 
(150-160°F). Waste products from potato processing, which 
contain a much higher percentage of peelings, give only 
about one-half the alcohol yields because of their lower 
starch content. 

3. Cellulose Residues - Like starch, cellulose materials 
are long chains of sugar units. They differ, however, in how 
they are linked together and, therefore, require different 
procedures to separate the sugar units. This separation can be 
brought about in three ways: 


a) the use of high temperatures and dilute acids; 
b) the use of lower temperatures and concentrated acids; 
c) the use of special enzymes to break apart the chains. 


The most recently developed area is the identification of 
certain enzymes which break up cellulose but not starch. The 
recognized leader in this field is the U.S. Army Natick Re- 
search and Development Command in Natick, Massachusetts 
01760. Even though the enzymes are currently available, 
they are so expensive that the process is not commercially 
cost-effective. With enzymes, it takes about 7 pounds of dry 
cellulose (or 14 pounds of wood) to make 1 pound of ethanol; 
to make that same pound of ethanol from corn takes only 
about 3.4 pounds of corn. 

Breaking up the cellulose chains is further complicated by 
the presence of lignin, a complex compound which surrounds 
the cellulose. The lignin is very resistant to pretreatment with 
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acids or enzymes and so requires more sophisticated, ex- 
pensive equipment, and more time for treatment. Most 
researchers, therefore, feel it will be 3-5 years before econom- 
ical ways of using enzymes to convert cellulose into ethanol 
are developed. 

Experimentation with acid and heat to break up the 
cellulose has been going on since World War I. Preceding 
World War II several processes were improved upon in Europe 
and the United States. One method was developed in Wiscon- 
sin which, in four hours, converted dry, coniferous, bark-free 
wood into solutions containing 4% fermentable sugar. About 
50-55 gallons of alcohol were produced per ton of dry wood. 
One 4 million gallon per year plant in Oregon burned the 
residual lignin to generate steam. 


Some of the World War II plants using acid processes had 
production costs that were competitive at that time with 
other alcohol-producing processes, except for the petroleum 
process. It is possible, then, that modern plants using these 
acid and heat processes have a good potential for being com- 
petitive if they can find a proper source of raw material. 
Additional research on these acid and heat processes is now 
in progress at New York University, Westbury, Long Island 
and at Purdue University in Indiana. 


a. Wood Wastes - Although wood wastes exist in large 
quantities, you need to consider the location and concen- 
tration of the wastes. About two-thirds of the tree is wasted 
in the normal lumbering process. The most useful waste 
products are those such as sawdust which are sometimes 
concentrated in one area in lumber mills. These materials can 
then easily be collected and transported to cellulose processing 
planting for alcohol fuel production. 


b. Agricultural Residues - Since agricultural crop 
residues contain lower percentages of cellulose, they produce 
less alcohol per ton. A process involving acid and heat similar 
to the one used for other cellulose residues can be applied to 
these materials. There are large amounts of these residues 
available; typically, about 1 to 2 pounds of corn stalks, stover, 
straw, etc., are produced for each pound of grain grown. 
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One problem with these agricultural residues is that they 
are usually scattered over the fields. Therefore, the cost of 
collecting the residues can be quite high. However, a few 
food and textile processors produce a variety of these same 
residues as byproducts and use them as fuel. Some of these, 
such as corn stalks, corn cobs, peanut hulls, oat hulls, flax 
shives, rice hulls, cotton seed hulls, and sugar cane bagasse, 
could be used to make fuel ethanol. 

c. Forage Crops - The lignin problem can be almost 
completely avoided by using such forage crops as alfalfa, 
Sudan grass, and forage sorghum. When the plants are young, 
a higher percentage of the carbohydrate is in the form of 
sugars and starches rather than cellulose. The young plants 
also contain considerably less lignin than the mature plants. 
These plants can be harvested up to four times a year because 
of the short time needed for maximum growth. These imma- 
ture plants, when harvested, are called "green chop" and may 
give very good yields of alcohol. 

There are additional advantages to using forage crops for 
alcohol production. The coproducts are an excellent high- 
protein livestock feed. They grow well on marginal land and 
are much less demanding on the soil than grains. As non- 
fruiting crops, they are much less likely to suffer production 
losses due to a variety of circumstances (diseases, insects, 
hail, frost, etc.), than are the grain crops. 


C. CONCLUSIONS ON FEEDSTOCKS 

As you can see, there are numerous feedstocks other than 
grain. Many of these offer promise for the future. 

In conclusion, we appreciate the perspective of the 
following quote from D. R. Miller, President, Vulcan Cincin- 
nati, Inc. (Gasohol, U.S.A., May, 1980, p.23): 

In resurrecting the biomass alcohol technology 
abandoned after WW II, we should stress the impor- 
tant changes in objectives and circumstances since 
then. Automobile fuel grade alcohol is our present 
objective, not synthetic rubber grade ethanol as in 
World War II, and not beverage grade, food grade, or 
perfume grade alcohol as in the biomass alcohol pro- 
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duction after WW II. This fact greatly extends the 
range of acceptable raw materials, as well as reducing 
the complexity of the required distillation. At the 
same time, the need to curb environmental pollution 
and to encourage maximum utilization of forests and 
crop lands have made all too available tremendous 
quantities of wastes, culls and surplus materials for 
production of biomass alcohol. 
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XIV. Concluding Remarks 


As you can see, making alcohol is easy and hard - easy if 
everything goes right; hard if something goes wrong. And, if 
something does go wrong, it is experience that makes the 
difference between a batch you can save, or a batch that you 
must throw out. 

The future is very exciting in power alcohol production. 
Technology is moving very fast. Soon yeast will probably be 
replaced by bacteria, distilling columns may be replaced by 
molecular sieves or reverse osmosis, and new low tempera- 
ture enzymes will be developed. It is a changing technology, 
but in America we didn't get ahead by waiting for someone 
else to do the job. 

One person who has not waited is Dennis Day of Grimes, 
Iowa, who has recently set up an eighth generation still. 

His process includes a roller mill and a water float separa- 
tor in which the bran and germ float while the starchy 
portions of the corn sink. Since only part of the corn needs 
to be heated for distillation, energy is saved. Further energy 
savings are realized by vacuum distillation. A second advan- 
tage of germ-starch separation is that the stillage can be stored 
until needed. 

Dennis Day is also experimenting with extrusion cooking. 
The extruder compresses the corn to 850 p.s.i. for about ten 
seconds. During the compression cycle, the temperature rises 
to 250°F. The high pressure and temperature gelatinize the 
starch. As the corn comes from the extruder, it is mixed with 
enzymes and water which has been heated by the diesel 
powering the extruder. 

There will always be something new. The time to start 
making your own ethanol is now. 
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Acid, acetic, 67, 68 
propionic, 42 
Acidity, see also pH, 38 
Active site, of enzyme, 37 
Aerobic fermentation, 66,108 
propagation, of yeast, 61 
Ag-Bag, 108 
Agricultural residues, 114,121 
Air, see oxygen 
Air-fuel ratio, 8 
Alcohol, see also ethanol 
chemical formula, 6 
definition, 6 
distillation, see Distillation 
grain, 6 
isopropyl, 6 . 
methyl, see methanol 
potential, 54 
proof, 90, 97 
wood, 6 


Alkali, see lime or sodium hydroxide 


Alpha amylase, 32 


Alpha glucosidase, see amyloglucosidase 


Alpha linkage, 30, 32 
Alternate feedstocks, 113 
Amino acids, 28 

in stillage, 109 
Amylase, 30 
Amyloglucosidase, 34 
Amylopectin, 32, 45 


Amylose, see also starch, 31, 32, 45 


Anaerobic fermentation, 61 
Anhydrous ethanol, 94 
Antifoam agents, 95 
Artichokes, 113,114,118 
Azeotrope, 78, 86, 90 


Backslopping, 65 
Bacteria, 125 


acetic acid (vinegar) type, 68, 73 


control during 


fermentation, 65, 67, 68, 70, 71 


Index 


effect of cooling on, 47, 66 
effect of pH on, 47,65 
lactic acid type, 69 
spoilage type, 68 
temperature, effect on, 68 


test for during fermentation, 69 


Bagasse, 114, 116 
Baker's yeast, 16,19, 59 
Balling scale, 53 

Barley, 114,119 
Basicity, see also pH, 38 


Battery acid (sulfuric acid), 38, 47, 65 


Beer, definition, 16 
spent, 88 
still, 82 
when to distill, 72 
Bees wings, 95 
Benzene, 94 
Beta linkage, 30, 31 
Bisulfite compounds, 71 
Boiling point, Table: 
ethanol-water, 79 
Brewer's yeast, 59 
British Thermal Unit, 8 
Brix scale, 53 
BTU, see British Thermal Unit 
Burned coproducts, 43 


Calcium oxide, see lime 
Cane sugar, see sugar 
Capacity of column, 85 
Captan, 42 


Carbohydrate, chemical composition, 30 


Carbon dioxide (CO2), 53 
agitation of mash by, 72 

as coproduct, 57,101, 111 

as drying agent for molecular 
sieves, 94 

at end of fermentation, 72 
during fermentation, 57, 72 
protecting beer with, 67, 69, 73 
protecting stillage with, 108 
uses, 94, 111 
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Carbon-Nitrogen ratio in feeds, 105 
Catalyst, see also enzyme, 24, 25, 34 
Caustic (soda), see sodium hydroxide 
Cellulose, 32 

conversion to ethanol, 29,120 

residues, 114,120 

structure of, 31 
Cleaning, of equipment, 70 
Cleanliness, see also sterilization, 69 
Clogged column, 95 
Cofactor, 28 
Cold sterilization, 42, 71 
Collisions of molecules, 21, 22 
Column, see also distillation and still 

beer, 82 

capacity, 85 

clogged, 95 

dimensions, 82 

efficiency, 84 

enrichment, 84 

hold-up, 96 

packing, 85, 87, 88 

optimum size, 88 

reflux, 84, 85 

rectifying, 84 

single, 85 

solid buildup in, 96 

stripping, 82 
Combustion, 7, 8 
Condenser, 77 
Constant boiling mixture, see azeotrope 
Cooking, importance of, 46 
Cooling, effect on bacteria, 47 

during fermentation, 66 
Contamination, control, 70 

during fermentation, 69 
Control, of proof, 85 

of temperature, 84, 85 
Coproducts, 101,104 
Corn, as a feedstock, 41 

composition of, 102 

cracked, as drying agent, 94 

heat damaged, 41 

hybrids, gelatinization of, 45 

moisture content of, 42 

mold, 41 

oil, 96,103 

preservatives, chemical, 42 

products from, 103,104 

rotted, 41 

stover, 114, 121 

world food supply, XI 
Corrosion, 95 
Crops, see also individual crops 


forage, 122 
fruit type, 113,118 
non corn, as feedstock, 114 
starch type, 114,119 

unique problems with, 119 
sugar type, 113,114 


DADY, see Distiller's Active Dry Yeast 


Damaged corn, from heat, 41 
from mold, 41 
Decomposition of starch, 24 
Denaturing, of enzymes, 37 
of ethanol, 12 
of protein, 37 
Density, 7 
alcohol test, 97 
sugar test, 53 
temperature effects, 53, 97 
Dessicant, see drying agents 
Dextrin, 32 
structure of, 29, 33 
to sugar, 35, 47 
Dextrose, see also glucose, 31 
Diazyme L-100,15 
pH range, 47 
quantity to use, 47 
Disaccharide, 32 
Disinfectants, 71 
Disinfection, see sterilization 
Distillation, see also column and 
and still, 75 
column capacity, 85 
column efficiency, 84 
column packing, 85 
control of proof, 85 
fractional, 84 
multiple, 82 
phase diagram, 78, 80 
practical advice, 95 
principle of, 75, 77 
reflux system, 82, 85 
spent beer, 88 
temperature control, 84, 85, 86 
trouble-shooting, 95 
vacuum, 90 
when carried out, 72 
Distiller's Active Dry Yeast, 59 
Distiller's dried grain, 108, 111 
Distiller's mash, 101 
Downcomer pipes, 82 
Drying, agents, 94 
ethanol, 90 


Efficiency, of plate column, 84,96 
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Energy, bal. in ethanol production, 99 


conservation during distillation, 96, 
125 

kinetics, 22 

of burning ethanol, 8, 9 

of cooking mash, 46, 51 

of drying ethanol, 90 

of drying stillage, 111 

recovery in distillation, 84, 85 
released during fermentation, 66 


Feeding of stillage, 108 
Feedstocks, see also Crops 
non corn, 113 
Fermentation, see also yeast, 57, 62 
anaerobic, 60, 61, 66 
bacteria, control of during, 68 
cooling during, 66 
equation, 56, 57, 61 
ethanol loss during, 66 
ethanol poisoning during, 68 


Engine efficiency, 10 
Enrichment column, 84 
Enzyme, 15, 25, 27 


finish point, 72 
heat released during, 58, 66 
pH during, 65, 66 


active site, 37 
activity, factors affecting, 37 
as catalyst, 25, 27, 34, 58 
for cellulose conversion, 120 
composition, 27, 28 
deactivation, by acid, 38, 40 
by alcohol, 38 
by heat, 37, 38 
denaturization, see deactivation 
from Biocon, 40 
from Miles Laboratory, 15, 40 
from yeast, 58 
liquifying, 32, 46 
lock and key model, 34, 36 
mode of action, 34 
pH dependence, 38, 40 
protein nature of, 37, 38 8 
saccharifying, 34, 47 
use of, 32, 34, 46, 47 


Ethanol, advantages as a fuel, XI, 11 


anhydrous, 94 

blending with gasoline, 90 

chemical properties, 7 

combustion properties, 7, 8 

content of mash, 71 

drying, 90 

energy balance for production of, 99 
from fermentation, overview, 13,14 
loss from bacterial contamination, 68 
loss during fermentation, 66 

mixing with gasoline, 11 

potential, 54 

proof, 90, 97 

recipes for making, 13,18 

trouble shooting low yields, 71, 73 
using your own, 11 

volatility, 8, 66 

water phase diagram, 78 

water separation with gasoline, 11 


practical advice, 72 
process of, 62 
short cuts, 64 
stirring during, 72 
sugar concentration after, 72 
sugar concentration before, 51 
sugar concentration during, 63 
temperature of, 66, 71, 72 
time of, 62, 64, 69, 72 
when to distill, 69 
Flash conversion, see extrusion cooking 
Flour, 43 
Foaming, 95 
Food supply, how affected by ethanol 
production, 105 
Forage crops, 122 
Formaldehyde, 71 
Fractional distillation, 84 
Fructose, 32 
Fruit crops, 113,118 
Fuel-air ratio, 8 
Fuel-water separation, 11 
Functional group, 38 
Fungicides, 42, 67 
Fusel oil, 12, 58 


Gasohol, advantages of using, XI 
cost to consumer, XI 
definition, 11 
disadvantages of using, XI 
engine modification for burning, 11 
mileage from, 10 

Gasoline, 94 
blending with ethanol, 90 

Gelatinization, 32, 45, 46,125 
temperature for barley, 119 
temperature for corn hybrids, 45 
temperature for grains, 119 
temperature for wheat, 119 


Exothermic reaction, 8, 66 
Extrusion cooking, 125 


Glucoamylase, 34 
Glucose, see also dextrose, 27 
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structure of, 35 
test paper, 51 
Gluten, 120 
Grain, alcohol, 6 
as feedstock, 119 
Grinding, best particle size, 43 
importance, 21, 43 
method, 43 
mills, 43 
Growth, phases of yeast, 60 


Hammer mill, 43 
Harvesters, 108 
Heat, see Energy 
damage to corn, 41 
Hydrochloric acid, 40 
Hydrolysis, 32 
Hydrometer, 53 
errors in reading, 53 
proof and traille, 97 
temperature effects on, 53 
triple scale, 53 
Hydroxide ions, see also hydroxyl 
group, 38 
Hydroxyl group, 6, 38 


Indicator, see also litmus, pH 
acid-base, 38 
Infection, see also bacteria, 69, 70 
Iodine, sterilizing agent, 71 
test, 32, 49 
Isopropyl! alcohol, 6 


J-tubes, 82 
Jerusalem artichokes, 113,114,118 


Kinetics, 21 


Lead, as impurity in ethanol, 12 
as octane enhancer, 11 
Lever rule, 88 
Life cycle of yeast, 60 
Lignin, 120 
Lime, as drying agent, 94 
for pH control, 40, 47, 66 
Liquefaction, 46 
Liquefying enzyme, 32, 46 
Litmus paper, 38 


Lock and key model of enzymes, 34, 36 
Loss of ethanol during fermentation, 66 


Lye, see sodium hydroxide 


Mash, 45 
Mashing, see cooking 
Metabolic process, 58 


Metabolism of yeast, 58 
Methanol, as a fuel, 7 
chemical properties, 7 
chemical structure, 6 
Methyl alcohol, see methanol 
Mileage with ethanol, 10 
Milling, see grinding 
Milo,119 
Mixing corn and water, 45 
Moisture content of corn, 40 
Molasses, 113,118 
Moldy corn, 41 
Molecular, chains, 30 
collisions, 21, 22 
sieves, 94 
Monosaccharide, 29, 32 
Muriatic acid (hydrochloric acid), 40 


Nutrients, in stillage, 105, 109 
needed by yeast, 58, 67 


Oats, 114,119 
Oil, corn, separation during 
distillation, 96 
Organic waste material, 114 
Orientation, in chemical reactions, 22 
Oxidation, 8, 27 
Oxygen, control during fermentation, 
66,73 

needed for by yeast, 63 


Packing, for distillation columns, 
85,87,88 
optimum size, 88 
Penicillin, 71 
Peptide bond, 28 
Perforated plates, 82 
pH, adjustment before and during 
fermentation, 65, 66, 72 
adjustment during cooking mash, 47 
definition, 38 
effect on bacteria, 47 
effect on foaming, 95 
importance of control, 38, 40, 47 
indicator of bacterial infection, 69 
meter, 38 
paper, 38 
table, 39 
-temperature-time diagram, 17 
Phase diagram, 78, 80 
Plates, column, 82 
efficiency, 84, 96 
dimensions, 82 
sieve, 82 


perforated, 82 
theoretical, 96 
Poisons, of yeast, 67 
Polymer, 30, 32 
Polysaccharide, 32 
Potatoes, 114,120 
Potential alcohol, 54 
Practical advice, during distillation, 95 
during fermentation, 72 
Preservatives, of corn, 42, 67 
Pressed yeast, 59 
Problems, with agricultural residues, 122 
with grains, 119 
with starch crops, 119 
with sugar crops, 115 
Proof, 90, 97 
control of, 84, 85 
and Traille hydrometer, 97 
Protein, as enzymes, 28, 38 
path during fermentation, 13,14 
peptide bond, 28 
as stillage supplement, 109 
Propionic acid, 42 


Quality control, see sampling techniques 
Quats, 71 
Quaternary ammonium compounds, 71 


Raw materials, for feedstocks, 113 
processing, 114-122 

Rate, of reactions, 21, 22 
temperature dependence of, 21, 23 

Recipes for making ethanol, 13,18 

Rectifying, column, 84 

Reflux column, 84, 85 

Refractive index, 54 

Refractometer, sugar, 54 

Reverse osmosis, 125 

Residue, agricultural, 114,121 
cellulose, 120 
fermentation, 121 

Rice, 119 

Roadmap, 14, 44 

Roller mill, 43,125 

Rotted corn, 41 

Rubbing aocohol, 6 

Rule of thirds, 103 

Rye, 114, 119 


Saccharification, 47 

Saccharifying enzyme, 34, 47 
function during fermentation, 49 

Saccharomyces, 59, 67 

Sampling techniques, 49 


Short cuts for fermentation, 64 
Side reactions, of yeast, 58 
Sieve plates, 82 
Slop, 101 
Slurrying, amount of water, 45 
Sodium bisulfite, see bisulfite compound 
Sodium hydroxide, 40, 47, 70 
Solder, as source of lead, 12 
Sorghum, sweet, 113,116 
Spent beer, 88 
Spoilage, see also stillage, 
of beer, 66, 72 
of stillage, 106 
Starch, see also amylose 
color with iodine, 32 
content—see crops or specific 
feedstock 
crops, 114,119 
unique problems with, 119 
decomposition by heat, 24 
presence during fermentation, 49 
structure of, 29, 30, 31 
test for, 49 
to dextrins, 32, 46 
to ethanol, temperature-time-pH 
diagram, 17 
to sugar, 34 
Sterilization, 70 
cold, of corn, 41 
cold, of fermentation equipment, 71 
Still, see also column and distillation 
beer, 82 
corrosion of, 95 
rectifying, 84 
simple, 75 
single column, 85 
solids build up in, 96 
two column, 82 
what type you should build, 85, 90 
Stillage, 101 
acceptance by animals, 110 
amino acids in, 109 
anaerobic fermentation of, 108 
composition, 103, 104,105 
drying, 105, 106,107,111 
feeding of, 107, 109 
handling of, 107 
mineral balance in, 109 
nutrients in, 105, 109 
for poultry, 110 
preservation of, 108 
spoilage, 106, 107 
storage, 107 
thin, 107 


131 


using of, 106,107 
water content of, 106 
whole, 101,105 
Stirring, 22, 45, 46 
during fermentation, 72 
Stoichiometric mixture, 8 
Storage, of beer, 72 
of wet stillage, 74 
Stover, corn, 114,121 
Stripping colum, 82 
Substrate, 30, 37 
Sucrose, 32 
Sugar, see also sucrose 
affect on yeast, 51, 73 
beets, 113,115 
cane, 113,116 
concentration, after fermentation, 72 
concentration, before 
fermentation, 51 
concentration, during fermentation, 
63,67 
crops, 113, 114 
fructose, 32 
grape, 31 
hydrometer, 53 
refractometer, 54 
structure of, 29, 31 
test for, 51, 53 
types of, 31, 32 
use by body, 27 
Sulfuric acid, see also battery 
acid, 47, 65 
Sweet sorghum, 113,116 


Taka-therm, 15 
pH range, 40 
quantity to use, 46 
Temperature, controlled flow valve, 
85, 86 
during fermentation, 66, 71 
during mashing, 46 
effect on, bacteria, 47, 66, 68 
effect on enzymes, 37, 38 
effect on hydrometer, 53, 97 
effect on proof, 85 
effect on reaction rate, 21, 23, 24 
effect on yield, 71 
of gelatinization, 46,119 
oh human body, 24 
of infection, 70 
-time-pH diagram, 17 
Template, 34 
Tes-Tape, sugar test, 51 
Theoretical plates, 96 


Thermophiles, 68 

Time-temperature-pH diagram, 17 

Trouble shooting, distillation, 95 
yield, 71 

Tubers, 114,120 


Using your own ethanol, 11 


Vacuum distillation, 90 

table, 91 
Variable flow valve, temperature 
controlled, 85, 86 
Vitamin, 28 

as stillage supplement, 109 
Vinegar, 67, 73 
Volumetric efficiency, 10 


Water, content in, corn, 42 
content in stillage, 105 
fuel separation, 11 
quantity to use for mash, 45, 46 
Wheat, 114,119 
Whey, 114 
Wood, alcohol, 6 
wastes, 114, 121 


Yeast, see also fermentation, 58 
activation before fermentation, 
63,64 
aerobic propagation, 61 
air dependency, 60, 61, 63 
anaerobic fermentation, 61 
baker's, 16,19, 59 
brewer's, 59 
distiller's active dried, 59 
effect of acid on, 65 
effect of ethanol on, 68 
effect of sugar on, 51 
enzymes in, 58 
growing your own, 59 
how to choose, 59 
life cycle, 58, 60 
metabolism of, 58, 61 
natural selection in, 62 
need for oxygen, 63 
nutrients needed by, 58, 67 
phases of growth, 60 
pH dependency, 65 
pH limits, 65 
poisons of, 67, 68 
pressed, 59 
quantities needed, 63, 72 
side reactions of, 58 
sugars, most active with, 34 
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needed for growth, 67 
temperature dependency, 66 
types of, 59 
wild, 69 
wine, 59 

Yield, of ethanol, 46, 57, 58, 67, 68, 
71,73 


of ethanol, dependence on milling 
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of corn, 43 


of ethanol, from cellulose residues, 
121 


of ethanol, from sugar crops, 115, 
116,118 


of ethanol, from starch crops, 119 
120 


of ethanol, trouble shooting, 71,73 


